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A BSTRA CT
This thesis sets out to explore the process of motor skill acquisition and presents 
a thorough investigation of the role played by imagery ability in the recall and 
reproduction of a motor task. The importance of cognitive processes, such as 
imaging, in motor learning is becom ing increasingly obvious and needs to be 
understood. Having described the three phases involved in motor learning - 
cognitive, asaodative and autonomous- and discussed certain relevant learning 
theories- the closed-loop theory and the schema theory- the thesis moves on to 
exam ine traditional Instructional m ethods and the contrast between 
observational learning and verbal instruction techniques, analysing in detail the 
concept of mental imagery in context of the recall of motor task.
The latter half of the thesis presents a series of experiments designed to quantify 
the role of Imagery ability in reproduction of an origami (paper-folding) task 
using the different instructional m ethods and a variety  of modelled 
demonstrations and comparing accuracy and perform ance time.
The thesis concludes that observers w ho transform modelled actions into either 
symbolic or visual images achieve a higher level of learning and a higher 
standard of reproduction than non-imagers, and looks forward to an expansion 
of research into imaging in a variety of contexts.
The results of this study have implications for those working in selecting new 
trainees for most industrial firms, and their concern with the assessment of 
selecting individuals on their learning ability and the factors contributing to this 
as well as the possible instructional methods to be carefully considered with 
respect to the cost/benefit of such an exercise .
Chapter 1 
Motor learning
M  M uloi learning A. Ihc cognitive processes.
Por many year« psychologists have been formulating models and theories 
that are  specific to motor skill acquisition and Important as aids to 
definition.. Fitts (1964) recognized that both cognitive and non-cognitive 
processes occur in motor learning and that although skill learning is 
primarily a continuous process.it involves three different phases.
The “e a rfy  phase“; covers only the time required to understand 
Instructions, to complete a few preliminary trials, and to establish the 
proper cognitive set for the task. In learning how to drive a car, one 
attends to kinesthetic and visual information about the hands and feet, 
inform ation which is later acted upon automatically. At this phase 
instructions snd dem onstrations are the most effectivem eans of 
communicating the initial set of short, fixed, sequences necessary to 
perform the task. This collection of units is called a cognitive set.
The "interm ediatt phase", involves learning to make certain associations 
and to respond to specific cues, while at the same time mastering the 
cognitive sets. At this phase the errors become less and less gross in 
nature. The learners are now concentrating on refining the skill. They 
have developed an ability to detect some of their errors in performing the 
task but this ability to locate their errors is not perfect. Thus an 
inexperienced driver may be able to get the car moving, but often he, or 
she, still makes some mistake in pressing the clutch instead of the brakes. 
However, the learner is able to notice that he or she did not transfer their
feet properly, grip the steering wheel correctly, and so on. Such type« of 
detection are of a rather elementary nature but represent a definite step 
forward in the learning process. At this phase variability of performance 
from one attempt to another also begins to decrease.
The third and "fin a l pha*e"  is that in which the cognitive processes, such 
as verbal mediation, are no longer in evidence, but In which repeated 
practice of the skill makes it becom e progressively more automatic. The 
Individual no longer has to attend to every phase of the skill, but has 
learned to perform most of the skill automatically. Highly skilled drivers 
concentrate on the road, and som e of the specific adjustments that they 
must make in their everyday driving to make a particular journey. They 
do not think about each individual move of the driving routine, for these 
have become automatic. Instead, they have learned to concentrate on 
those of the more critical aspects o f the skill, that are particularly difficult.
In this phase, skilled performers are now able, not only to detect their own 
errors, but also to make the proper adjustments to correct them. The 
autonomous phase is the result o f a tremendous amount of practice; it 
allows performers to produce a response without having to concentrate on 
the entire skill movement. The classic study in this field is Crossman's 
(1959) study of cigar rollers. The time to operate a cigar-rolling machine 
decreased over a period of four years, by which time a person reached the 
maximum degree of skill required to reach the mechanical operating limit 
o f the machine.
Fitts & Posner (1967) label Fitts' three-stage-model in order to describe the 
activity in each of the stages:
Stage (1): Cognitive.
Stage (2): Associative.
Stage (3): Autonomous.
1.1.1. Brief introduction tg learning ihcorin
Two important learning theories appeared in the early seventies. The first 
was proposed by Adams (1971) as the Closed-loop Theory, and the second 
was Schmidt s (1975) Schema Theory.
1.1.2. Adima Theory
The basis for any closed-loop theory is a reference mechanism for error 
assessment, which can be used to compare a movement being made with 
performance in the past. In Adams' theory, this reference mechanism is 
called the perceptual trace . It involves the memory of past movements 
and is responsible for determining the quality of a movement in 
progress. This trace must be developed by appropriate practice of the 
movement being learned. Information is fed back by means of sensory 
pathways from the muscles, joints, eyes, ears, and so on. Adams' concept 
of the perceptual trace depends on the availability of knowledge of 
results (KR). As a part of practice, the individual com bines this KR 
information with the feedback information received through his or her 
own sensory system. Eventually, the perceptual trace becomes strong 
enough for the individual to be able to detect and correct his or her own 
error when making the movements. When this occurs, Adams indicates 
that the individual has moved from the verbal-motor stage of learning 
into the motor stage of learning, where the movement can be made 
"automatically''.
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Adams considered the perceptual trace as the reference mechanism used 
to establish how far a limb movement should go. He needed to specify a 
mechanism for getting the limb moving in the first place, and in the 
proper direction. To accommodate this need, Adams proposed memory 
trace, as a mechanism by which to "select and Initiate a response, 
preceding the use of the perceptual trace". The memory trace is also 
developed as a result of practice, but, in contrast to the perceptual trace, 
was described by Adams as a "modest motor program". That is, this trace 
does not operate as a closed-loop system, but an open-loop that sends out 
all the necessary information to initiate the movement. No feedback 
information is needed to accomplish this task.
Adams saw KR as information to be used in conjunction with the 
perceptual trace in order to make the next response different from the 
last one by having fewer errors. A number of reviews include the 
empirical work on KR, which showed how it is undeniably a strong 
variable component in motor learning (Adams, 1971; Annett, 1969; 
Newell, 1976; Salmoni, Schmidt It Walter, 1964).
The crucial assumption of Adam's closed-loop theory is that feedback has 
a strong role to play. Comparison of performance in ski 11-acquisition 
trials with KR, and in trials without KR, should reveal just how strong. 
Furthermore, the greater the experience with feedback over trials, the 
m ore stable subsequent performance should be in trials with KR 
withdrawn. In short, Adams considered as feedback essential to the error 
detection and correction which is basic to of a closed-loop system. Pinally 
the memory trace starts the movement independent of feedback, and the
perceptual trace regulate« the movement after it ha« started. Adam« 
supported hi» theory with evidence from the studies that follow.
To investigate the importance of feedback in regulating movement, 
Adams, Gopher St Lintern (1977) examined the effects of visual and 
proprioceptive feedback on motor learning. There were fourteen groups. 
The subjects learned a self-paced displacement of the arm by moving a 
slide along a linear track. The conditions of feedback were either 
augmented or minimal. Specifically, there was (a) augmented visual 
feedback, where a subject could see the apparatus and his movement, or 
minimal visual feedback, where visual cues were absent, (b) augmented 
proprioceptive feedback, where spring tension was on the slide, or 
minimal proprioceptive feedback, where the spring tension was 
removed from the slide, or (c) combinations of these four conditions. 
Seven groups had 15 and the other seven had 150 acquisition trials with 
KR before being given 50 test trials without KR. The results showed that 
when proprioceptive and visual feedback are varied, the greater the 
feedback the better the performance on trials both with and without KR
Newell (1974) investigated the effect of withdrawing KR on motor 
learning. The task was to move a slide along a horizontal linear 
trackway. Subjects were randomly assigned to one of seven independent 
experimental conditions, with 20 subjects per group. The groups were as 
follows:- group one had KR withdrawn after Trial 2, group two had KR 
withdrawn after Trial 7, group three had KR withdrawn after Trial 17, 
group four had KR withdrawn after Trial 32, group five had KR 
withdrawn after Trial 52, group six was given KR after every trial, and 
group seven had no KR after any trial. The results showed that the 
greater the number of acquisition trials with KR, the greater the
performance stability when KR la withdrawn. Furthermore, the greater 
the number of acquisition trials with KR, the greater the subject's 
capability for estimating the accuracy of response (Adams, Gopher A 
Lintem,1977; Newell A Chew, 1974). Thus, the most common finding is, 
that the more trials there are with KR, the more steady the performance 
is (Adams, Gopher *  Untem, 1977; Newell, 1974; Newell *  Chew, 1974).
Newell (1976b) had different results in his study to investigate the ability 
of a response recognition mechanism. Newell reasoned that if 
observational learning techniques were used to give perceptual 
experience with feedback stimuli, the subject should develop a strong 
perceptual trace, even though no movement had been made. When 
given practice on the motor task, without KR, the subject should learn, 
because the perceptual trace is the basis for error perception, 
corresponding to KR from an external source. The task was to leam to 
move a slide over a 10.16cm. distance, in 100ms. The subject first 
listened to a tape-recording of instructions for the movement, and 
observed a demonstration by the experimenter of how the slide moved. 
The subject then attempted the task without KR. The results showed 
that there was a positive transfer from the auditory pre-training as well 
as some improvement with repetition.
Feedback and the amount of practice were related to error detection and 
correction (Adams 4c Goetz, 1973), which are essential for a closed-loop 
system, but are feedback and the perceptual trace independent of each 
other? Newell 4c Chew (1974) used a fast ballistic movement, and argued 
that after practice the elimination of auditory and visual feedback should 
affect error estimation based on the perceptual trace, but not response 
initiation, based on the memory trace. Their results were positive.
Schmidt (1975) argued that becauae of delay» in procvaaing feedback, the 
subject needs to become less and less dependent upon feedback for 
performance. During learning the emphasis shifts from the feedback- 
controlled Jerky perform ance to the sm ooth execution o f almost 
completely open-loop movement. Thus, the problem for the subject in 
learning motor skills, is to develop these open-loop programs, and free 
him self from feedback involvement. Schm idt accommodated his 
criticisms of Adams' Closed-loop theory on motor learning , in what he 
called the Schema Theory.
1.13 . Schmidt » Schcmi Theory
In 1975 Richard Schmidt presented an alternative theory of motor 
learning. Rather than considering the memory and perceptual traces as the 
control mechanisms of a movement, the theory presented schemas. A 
schema is an outline of a set of rules that serves to provide the basis for a 
decision.
Schmidt stated that we learn on the basis of abstracting different pieces of 
information about each movement, and throughout these experiences, we 
construct a schema, or an outline, which will enable us successfully to carry 
out the movement. He proposed that four Items of information are 
involved in the abstraction for each movement, thus:-
1) The Intitial Condition, which involves such things as the 
position of limbs and body in relation to the response before It 
is made.
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2) The Response Specifications, which involve the stored 
information, by the performer, on the specific , such as
direction, • p ~ d . force, etc............... . for carrying out the
movement.
3) The Sensory Consequences of the Movement, which are 
determ inedfrom  sensory feedback received through the 
various sensory systems during, and after the movement is 
actually made.
4) The Response Outcome, where the information needed to 
compare the actual outcome with the intended outcome is 
abstracted from the response outcome.
The schema of the motor response is actually made of two schemas. First is 
the recall tchcma . which is involved in the production of a desired 
movement. It acts together with the generalized motor program, which 
Schmidt views as an abstract memory structure, to initiate a desired 
movement in accordance with the demands of the situation. The recall 
schema sets the specific parameters, or rules, that the program must follow 
in order to produce the required response. The recall schema is developed 
on the basis of abstracting and storing information about responses that 
have been made in the past. Three sources of information are necessary to 
develop the recall schema. 1) Information obtained about the initial 
conditions of the response situation. 2) Information indicating the 
response specifications from past responses requiring similar movements 
which has been stored. 3) Information about the outcome of the previous 
responses.
Motor Looming ft Iho cognlMvo ponm
i
To continue and terminate the movement, Schm idt proposed the 
recognition »chrma This schema is the reference mechanism used to 
compare sensory feedback with a particular movement. It is developed In 
the same way as the recall schema, by abstracting Information from past 
experiences. In particular, the information abstracted and stored is 
comprised of the intitial conditions of each response, past response 
outcomes, and actual sensory feedback, related to those past responses. 
Schmidt finds support for his theory in the results of a number of studies.
One of the main assumptions of the schema theory, is that the subject 
develops a recognition schema over the course of practice with KR, and 
that he uses the comparison of the actual feedback and the expected sensory 
consequences generated on each trial as the mechanism by which he 
arrives at the correct response. The evidence was evaluated by Schmidt 
from the results of a study by Bilodeau, Bilodeau 4k Schumsky (1999) on the 
effects of introducing and withdrawing KR early and late in practice. These 
results showed that no learning can occur without KR. The theory also 
predicts that error detection will increase with KR practice. Newell (1974) 
and Newell 4c Chew (1974) have shown this quite clearly (see explanation 
of Adams theory ).
Schmidt's theory then, emphasizes the abstract, or general nature of what 
is stored in the control centre, as opposed to Adams' more specific view of 
what Is represented.
1.1.4 Slm iltrillji between A dtm i ft Schmidt'» Tlreorte»
The motor learning theories of Adams (1971) and Schmidt (1975) have 
some important similarities. Both are based on the important role of 
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feedback information from the sense«, and both incorporate a role for 
motor programs. Both theories suggest memory related construct* in 
which information is stored and which are directly involved in  the 
initiation and carrying out of a response. The two theories assign an 
important role to KR Information during the learning of motor skills. 
Both indicate that as a result of the appropriate amount and type of 
practice, learners can produce correct responses with the aid of KR, and 
each theory establishes a means for the performer to detect an error either 
while the movement is being performed or before another movement is 
made.
l.l CngnlUv« pramt»
In spite of what the Fitts (1964) and Fitts 4c Posner (1967) models show  
about the existence of the cognitive processes in the early stages of skill 
learning, we still know little more about the actual role of cognitive 
processes in the development of skill learning (Newell, 1981).
What does Cognitive imply?
1) Cognitive processes are conscious and dependable, e.g. a chess 
player is aware of every piece he/she moves when playing, and can also 
rely on his skill knowledge in making each move correctly.
2) Cognitive processes are variable and adaptable, e g a chess player 
can change his/her playing strategy in each different chess game, and can 
use this strategy in any other game that would require similar moves as in 
chess.
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3) Cognitive processes involve acceee to, and from, a knowledge bate 
e g the cheat player can get acceaa to a cognitive map and uae it in any way 
he/ahe chooaea to achieve the goal. Tolman (1948) waa the firat to uae the 
term cognitive map' in hie deacription of the apatial knowledge that 
seemed to be acquired by rata in a maze. In a typical experiment, a group of 
rats waa trained to go down a particular path to reach food in a goal box. 
When the original path waa blocked, many of the rata aeiected another 
path that alao led in the direction of the goal. They had learned more than 
)uat a sequence of responses that would lead to the goal.
An example of the cognitive aspects of motor acts is the memory and 
recall of movement. Brewer k  Pani (1965) argued that, even if there is 
agreement that conscious processes occur during the early stages of the 
acquisition of a motor skill, it is not clear exactly what types of processes 
these are. For example, they may involve motor images, imageless 
thoughts, or other types of memory representation used in "effort after 
production".
If it Is the case that memory representation of motor acts is by nature 
unclear and difficult to investigate, then this deserves greater attention, 
since it is the purpose of science to explain, not to ignore.
The correlation between memory representation and reproduction of that 
movements, forms the cognitive basis of motor learning. Learning a new 
skill is based on the acquisition of knowledge which is stored in memory 
and can be saved up, or retrieved. Memory representation can be thought 
of as involving both symbolic and imaginal (non-symbolic) codes.
li
In the CAM  of observational learning, Gerst (1971), Bandura St Jeffery (1973), 
Bandura, Jeffery It Bachicha (1974) and Jaffary (1976) hava shown that 
symbolic coding plays an Important rola In rapraMntational development, 
whilst Carroll *  Bandura, (1962, 1983, 1967;) Bandura 4i Jaffary, (1973;) and 
Martans, Burwitz It Zuckarman, (1976) hava also shown tha importance of 
imaglnal coding In tha cognltiva process Moreover, some of these studies 
hava shown that a combined coding strategy would lead to more accurate 
recall of tha motor task (Bandura *  Jeffery, 1973; Jaffary, 1976).
BecauM tha main affects of coding strategies occur within memory, it is 
im possible to distinguish tha affects of coding processes without 
identifying memory repraMntations. A full explanation of imaginal 
coding of motor movement must include an understanding of how these 
movements are represented in memory.
One way to investigate the cognitive processes, presumed to be involved in 
tha acquisition of motor skills was proposed by Annatt (1982) in his 
"Action, Language and Imagination" paper. He was particularly interested 
in the relationship between verbal (symbolic) and motor (non-symbolic) 
processes. Annetts proposed model (Figure 1.1) shows two important 
subsets of entities: the top part of the figure represents input of two kinds - 
visually perceived human action and language input, such as verbal 
instructions; the middle part of the diagram represents the internal 
processes which can lead to two kinds of overt response (as shown in the 
figure).
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Me also stated that there are eight possible ways in which output can be 
accrued, which he thought of as routes through the model. The model 
describes six basic experiments as routes from the external world of objects 
and events, three of which produce the actions shown on the left side of 
the diagram and three of which produce the verbalizations shown on the 
right of the diagram.
R o u te(l):-  Refers to any experiment in which an object or 
event (excluding human action or language) evokes a non­
verbal response, e g. a tracking task.
Route(2):- Refers to any experiment in which the input and 
output are non-verbal actions, e.g. a task of imitating human 
m ovem ents.
R o ute(3):- Refers to any experiment in which the input is 
verbal and the output is non-verbal e.g. a task involving verbal 
instructions in order to produce motor movement.
R o u teM):- Refers to any experiment in which an object or 
event evokes a verbal response, e.g. a task of naming or 
describing something.
Routes (1) i t  (4) are of no particular interest in the context of this thesis, 
they were merely mentioned here to give a complete description of 
Annett's diagram.
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Route(S):- Refers to any experiment in which a verbal input 
and verbal output represent the task of reading, with a time 
interval between input and output.
Route(6):- Refers to any experiment in which the input is non­
verbal and the output is verbal, e.g. a task of describing the 
actions of other individuals.
Annett suggested that in Routes (3) St (6) both tasks described are 
sym m etrical, and involve transactions across the hypothetical 
action /language bridge.
The central part of the diagram is also divided horizontally into 
representation and production processes, which are theoretically separable, 
depending on how one views the nature of the internal processes depicted 
in Figure 1.1. Annett in fact defined two routes, which both involve 
memory.
Route(7):- Refers to any experiment in which the individual 
could give, from the stored representation of an action, or 
sequence of actions, a verbal account, e.g. a task of asking 
subjects how they would perform a given action, such as 
swimming the breaststroke, tying a knot, getting from A to B, 
and so on (Annett, Kiss St Perera, 1978; Annett, 1986). Subjects 
are thus required to produce a verbal account based on some 
form of memorized or imagined representation of the action.
Route(8):- Refers to any experiment in which the individual 
refers to the verbal representation of an action or sequence of
IS
actions, to produce the corresponding action, e g. a task of 
following a route through a strange city on the basis of a 
remembered set of Instructions.
Routes (3), (6), (7) 4c (8) all imply a translation between verbal and non­
verbal coding, that is the hypothetical action/language bridge.
Having briefly outlined Annetts (1982) m odel, and the kinds of 
experiments thought to be relevant to all routes in the diagram, we now 
turn to the central theoretical assumptions underlying the model
1) There are largely independent systems concerned with the perception 
and production of actions, and with the perception and production of 
language.
2) The perceptual, or representational aspect, of each of these systems is 
intimately linked with the relevant action, or utterance, production 
mechanisms.
3) There is an action/language bridge which can carry traffic in either 
direction.
4) The transactions across the bridge must be conducted in a common 
currency.
The key issues concern how actions are represented, what kind of coding 
enables us to perceive and comprehend the actions of other people to 
produce similar actions ourselves, and how to translate relatively easily 
between actions and the appropriate descriptive vocabulary and to follow 
instructions.
IS
Moreover, Annett (1965), in his review of the cognitive processes in motor 
learning, accepted the distinction between cognitive and non-cognitive 
processes in motor learning in the proposed model of Pitts (1964) and Fitts 
4c Posner (1967). Annett reviewed some of the previous studies of the two 
important kinds o f cognitive processes, those which involve imaginal 
(non-verbal) and those which involve symbolic representations. He 
concluded that all actions seem to benefit from a kind of dual coding, in 
which some aspects are capable of being represented in images, principally 
visual in nature, and which represent Important spatial characteristics of 
the task. He also stated that at the same time some of these motor codes 
might be "pure", that is, not accessible to consciousness but manifested in 
the ability to produce actions. In that connection Annett's works (1982, 
1985) will be discussed more fully in the following chapters of this thesis 
because of his recognition of the important role of the cognitive processes 
in skill acquisition.
It can be concluded from all three theories of motor learning that we have 
Just presented that there is a growing appreciation in motor skill learning 
of the cognitive approach.
Cognitive learning theories stress the im portance of higher mental 
processes, such as attitudes, beliefs, and perceptions. Cognitive theorists 
are interested in intellectual processes, and they investigate the ways 
sub)ects develop and use rules of logic, problem solving, and language. 
Obviously, the subjects of their studies are almost exclusively human 
beings.
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M.7. Automatic tnd controlled it
By contrast, Schneider 4k Shiffrin (1977) presented a motor learning theory 
called Automatic and Controlled Processing Theory. This claimed that 
motor learning can occur without the Involvement of any cognitive 
processes, assuming that automatic processing Is generally a fast, parallel, 
fairly effortless process that is not limited by short-term memory capacity, 
is not under direct subject control, and performs well-developed skilled 
behaviours. It typically develops when subjects process stimuli in 
consistent fashion over many trials; it is difficult to suppress, modify, or 
ignore, once learned. Controlled processing is often slow, generally serial, 
takes much energy, is capacity limited, and subject regulated, and is used to 
deal with novel or inconsistent information. It is needed in situations 
where the required response varies from one trial, or situation, to the next, 
and is easily modified, suppressed, or ignored at the desire of the subject. 
Finally, all tasks are carried out by complex mixtures of controlled and 
automatic processes used in combination. Shiffrln 4k Schneider used the 
results of roughly 14 experiments, reported in Schneider 4k Shiffrin (1977), 
and Shiffrin 4k Schneider (1977) to support their theory.
Spelke, Hirst 4k Neisser (1976) have studied the development of skills for 
attending to, and acting on, two simultaneous messages. Two subjects 
participated in the study. The tasks involved the subjects reading short 
stories to themselves while dictating a list of words at the same time. The 
results of the experiment showed that, as the subjects had more practice, 
they were able to copy words, detect relationship between words, and 
categorize words for meaning, while reading as effectively and as rapidly as 
when reading was the only task, to be perform ed. From this it was
a
suggested that learning to perform the two tasks at the same tim e was 
developed by automatic and controlled processing.
Although the research In this thesis Is primarily concerned with cognitive 
learning, it was essential to present an outline of this theory in order to 
understand how we learn and control movements.
Having discussed Adams', Schmidt's, Schneider & Shiffrln's theories, it 
seems that the three theories have certain limitations, e g. Adams' and 
Schmidt's theories were based on the important role of feedback 
information from the senses while Schneider A Shiffrin's theory was 
based on the important role of overt practice. However, in the case of 
observational learning, if the spatial and temporal feature of m odelled 
behavior can be easily determined, encoded, and cognitively rehearsed, 
accurate reproduction can be achieved with little or no overt practice or 
response feedback (Bandura, Jeffery, 1973; Gerst, 1971).
The three theories were lim ited to either slow lim b-positioning 
movements, rapid ballistic movements, or item recognition tasks. They 
didn't give an explanation of what type of coding strategies the learner 
used in order to understand how to execute the movements of the task, or 
if the task involved long sequential movements, what were the crucial 
aspects of the movements that the learner coded into memory, in order to 
recall the motor task.
At this point in time, it is essential for us to investigate and determ ine 
advantages of the cognitive processes and appropriate learning strategies 
for learning a sequential motor task, and the effect of individual ability 
upon learning the task.
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The m oti popular methods for conveying information about the goal and 
appropriate action sequences are verbal instructions and observational 
learning, but to introduce to the learner the goal of the act together with 
the actions that will accomplish the desired outcom e, instructors 
automatically resort to observational learning methods to supplement 
verbal instructions. Adams (1987) emphasized that observational learning 
was underdeveloped for a long time until the 1970s, when Bandura 
presented his social learning theory. However, because both instructional 
methods involve cognitive processes, one might use both techniques to 
look more closely at Annett's (1982) model, and one can examine how 
these cognitive processes are being represented in their analogue (non- 
symbolic) form, and what type of human characteristics could have some 
affect on these kinds of cognitive processes.
The following chapter will discuss theories and studies on observational 
learning.
O b s e rv a tio n a l L ea rn in g
In order to investigate how actions are reproduced and what kind of 
coding enables us to perceive and comprehend the action of other people, 
it was essential to explore in detail the middle part of the diagram in figure
1.1 by conducting a few experiments to establish what internal processes 
lead to of overt performance. Two instructional methods were used, 
observational learning and verbal instruction, to bring about overt 
perform ance and make it possible to detect mismatches between 
performance and coded Images.
In this thesis we are considering imitation as the given instruction to the 
learner, who has observed a modelled demonstration of a motor task.
2.1. Observational Learning and Imitation
The study of imitation has a history dating back to the early work of Tarde 
(1903) and Mcdougall (1908). These researchers suggested that the idea of 
model imitation was basic to the philosophical nature of the field at that 
time. Later imitation was reinterpreted as a function of associative or 
instrumental conditioning (Allport,1924; Holt, 1931; Humphry, 1921; 
Miller 4c Dollard, 1941). However, the process of learning by example has 
been interpreted by psychologists in a number of different ways, but most 
frequently emphasized is the observational aspect. Observational learning 
has been the main concern of some cognitive psychologists since the 
introduction of Sheffield's Symbolic Representational Theory (1961).
2.1.1. national Thaory
Sheffield (1961) bated hit Symbolic Representational Theory upon retearch 
concerned with the effectiveneai of uting filmed dem ontlraliont in 
communicating motor ikillt, He found that when an individual obtervet 
a dem onitration of a motor skill, he or the form ulatei a cognitive 
tymbolic representation of that tklll, which subsequently act» at a blueprint 
to guide him or her inthe overt reproduction of the tkill. Thit perceptual 
blueprint enablea the individual to recall the modelled act tymbolically, 
and tranalate this sequence of symbols into overt performance.
Despite thit important early work by Sheffield and h it associates, many 
important questions relating to observational learning for effective 
reproduction remain unanswered. Bandura (1971, 1977, 1986), with his 
Social Cognitive Learning Theory, advanced our knowledge of the 
processes involved and stim ulated a great deal of research on 
observational learning.
2.1.2. Bandura s Social Cognitive Learning Theory
Bandura's S oc ia l Cognitive Learning Theory is the most influential theory 
on observational learning referred to today. Bandura emphasizes four 
interrelated sub-processes. The processes and some of the variables 
affecting them are shown in Figure 2.1.
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The first process is the attentional process, which determines what it 
s tltc tiv tly  observed and what information is extracted from on-going 
modelled events. Minas (1980) and Yussen (1974) have shown that 
observational learning is enhanced by factors that channel attention to 
critical features of modelled performance.
The second ma)or subfunction in observational learning concerns the 
retention process. If modelling influences are to have enduring effects, the 
modelled Inform ation must be transform ed and restructured into 
appropriate symbolic representations which function as internal models 
for action (Bandura i t  Jeffery, 1973; Bandura, Jeffery 4c Bachicha, 1974; 
Gerst, 1971; Jeffery, 1976; Scully It Newell, 1985)
The th ird  subfunction of modelling is the production process which 
involves translating the cognitive processes of the modelled activities into 
appropriate actions. The behaviour is modified by the process of 
com parison to achieve close correspondence between the internal 
processes and action. With representational development and internal 
transform ation of conception to corresponding action, reliance on 
performance feedback should decrease ( Carroll i t  Bandura, 1962).
The fourth subfunction is the motivational process, which is concerned 
with incentive facto rs  that govern observational learning and 
performance. Incentive factors facilitate acquisition through their impact 
on attentional and retentional processes, and affect perform ance by 
motivating observers to execute what they have learned observationally. 
The motivators m ay be extrinsic, vicarious or self-generated by means of 
internal standards (Bandura, 1984).
U
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H ere my primary concern is with tha retention process, which is the 
second  subfunction in Bmndurm’• C o g n it iv e  Lem m in g  T h eo ry .  
Observational learning in humans involves two representational systems 
imaginal and verbal. During exposure to modelling stimuli, sequences of 
corresponding sensory experiences (images) occur and appear to become 
associated, or integrated, by mere contiguity (Sheffield, 1961). Both 
Bandura and Sheffield described this response acquisition phase of 
observational learning.
2.1 A  Cognitive process« in observational learning
Tw o cognitive processes symbolic/verbal and imaginal/non-verbal seem 
to  be involved In retaining information in observational learning and 
studies have shown the Importance of both.
2.1.4 Symbolic/ verbal codes in cognitive representation
Researchers have shown that there are certain cognitive activities that aid 
representational development, such as symbolic coding, for both children 
(Bandura, Grusec, 4c Menlove, 1966; Coates 4c Hartup, 1969) and adults 
(Bandura St Jeffery, 1973; Bandura, Jeffery St Bachicha, 1974; Gerst, 1971; 
Jeffery, 1976; Scully 4c Newell, 1965).
Bandura, Grusec, 4c Menlove (1966) have investigated the effects of 
symbolization on delayed reproduction of modelling stimuli. A group of 
children between the ages of 6 and 8 years were tested in three different 
conditions concurrent verbalization, passive learning and competing 
verbalization. H alf of the children in each o f the treatment conditions 
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observed the models under s positive incentive set. The remaining 
subjects were provided with an incentive to learn the model's responses. 
The stimuli task consisted of watching a 4-minute colour film in which an 
adult male model exhibited a series of relatively novel patterns of 
behaviour. The results provided evidence for the facilitative role of 
symbolization in observational learning, and that observational learning 
was not influenced by incentive sets.
Furthermore, Coates 4c Hartup (1969) also examined the effects of 
verbalization in observational learning. Children between the age of 7 and 
8 years were tested in demonstrating the matching responses of the model 
under one of the th ree conditions, induced verbalization, free 
verbalization, and passive observation. A 7-minute colour film depicting 
the behaviour of a male model was used. The model displayed 20 critical 
characteristics. The results demonstrated developmental changes in the 
role of verbalization in observational learning.
Other studies have exam ined the role of symbolic coding in the 
developm ent of co g n itiv e  representation in adu lts undergoing 
observational learning.
Gerst (1971) investigated several procedures by which individuals could 
commit to memory a demonstration of a motor task. Subjects were 
assigned to three experimental conditions and one control condition. Each 
group was instructed to use a mental image, a verbal description or a 
concise label of a modelled act. The control group was instructed not to 
use any coding strategy. The modelling stimuli that the subjects observed 
and later reproduced were motoric responses from the language of the 
deaf. The results demonstrated the enhancement of the imaginal coding
(feMtVMMMl U « M
on observational learning. They alao provided evidence that symbolic 
coding operation play an important role in observational learning.
Furthermore, Bandura 4c Jeffery (1973) examined the effects of symbolic 
coding and different types of rehearsal on retention of modelled 
performance. The task was a six component action that appeared in 
varying combinations in the more complex modelled performance. The 
results showed that most subjects in the non-coders immediate response 
reproduction condition, created their own coding strategy using direction 
and length of movements as a means of representing the models action. 
This also provided further evidence to support Crest's work on the 
importance of symbolic processes in determ ining both the level of 
observational learning and the retention of modelled responses over time.
Further evidence was provided by the work of Bandura, Jeffery, 4c 
Bachicha (1974) when they examined the influence of memory codes and 
cumulative rehearsal on observational learning. The modelling stimuli 
were identical to those used in the experiment of Bandura 4c Jeffery (1973). 
Their results lend further support to the finding that symbolic codes 
enhance observational learning and retention of modelled behaviour.
The work of Jeffery (1976) on the influence of symbolic and motor 
rehearsal in observational learning, was concerned with the effects of 
mode and patterning of rehearsal on the acquisition and retention of 
modelled activities varying in organizational complexity. Subjects 
observed a model performing manual construction tasks, having either 
high or low organizational requirements. Immediately after exposure to 
the model, subjects rehearsed the task either symbolically, motorically, 
symbolically and then motorically, or motorically and then symbolically.
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A control group engaged In a detraction task to prevent any opportunities 
for rehearsal. The results from the subjects performance reflected the 
Influential role that symbolic codes play In the acquisition and retention of 
modelled acts.
These studies demonstrated that observers who transform m odelled 
actions into either descriptive words, linguistic constructions resembling 
fam iliar activities, or visual imagery achieve a higher level of 
observational learning
2.1 .3. Im igjrnl/non-vtibjl coding in the cocuU vt rcp rtttn tilian
Cognitive representation may differ in a variety of dimensions, depending 
on w hether the m odality  is prim arily  sy m b olic/ v erbal or 
im aginal/nonverbal. A number of studies were carried out on 
observational learning in order to investigate how information was being 
coded in the cognitive representational form. The results revealed that 
coding is not strictly symbolic/verba 1 form but also involves an 
imaginal/nonverbal form ( Bandura It Jeffery, 1973; Martens, Burwitz, It 
Zuckerman. 1976; Carroll It Bandura, 1982, 1985, 1987).
Martens, Burwitz, It Zuckerman (1976) have investigated modelling effects 
on motor performance. Four experiments have been carried out to 
examine the influence of observing a correct model, a learning sequence 
model, and an incorrect model, on the performance of two motor skills. 
The findings from the fourth experiment suggested that information is 
coded and conveyed through observation in order to function in the 
development of the cognitive components of a motor task.
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Likewise, Carroll *  Bandura (1982) demonstrated the importance of 
making observable those parts of the model's movements that are 
normally out of view. A complex arm movement was modelled, and a 
television system was used to make the unobservable sides of the 
movements observable. The task was to perform a modelled response of a 
sequence of nine different response components which varied as to the 
spatial attributes of the paddle, arm, and wrist. The results from the 
experiment were consistent with the proposition that actions are first 
organized cognitively before being successfully enacted. Furthermore, 
Carroll A Bandura (1985, 1987), using the same modelled action pattern 
that was used in their prior experiment ( Carroll *  Bandura, 1982), studied 
the role of timing visual monitoring and translating cognition into action 
in observational learning. The results from the two studies lend more 
support to the assumption that subjects achieved some cognitive 
representation of the modelled activity before reproducing the movement 
pattern.
2.1.6 Meanin^fulness of the cognitive representation
The ease with which a stimulus evokes an image is assumed to be related 
to the performance of a remembered task. The more meaningful and 
available the image, the better the performance. The importance of 
meaningfulness to the cognitive processes in observational learning has 
been shown by Bandura 8c Jeffery, (1973) Bandura, Jeffery, 8k Bachich, 
(1974).
M oreover, the m em ory of movements is influenced by their 
meaningfulness. A movement can be considered meaningful to an 
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Individual il that parson can readily relate the movement to something 
already known. For example, a movement that forms the shape of a 
triangle is considered more meaningful than one that makes an 
unfamiliar, abstract pattern.
Hall (1980) has provided evidence on how movement meaningfulness 
influences remembering the movement pattern. Subjects were presented 
with closed multidimensional movements (as shown In Figure 2.2) by 
means of a pantograph, a movement device that allows the subject to 
make the exact sam e arm movement as the experim enter. The 
recognition test was to ask subjects to indicate whether or not each pattern 
was the one Just practised, after moving them through a series of patterns.
t+mmnrnu I L
Figur« U .  Th* 18 a«rin of pattami Hall uMd ln hia etudy. 
(Adaptad from Hall, 1900)
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Hall's experiment, among others, suggests that movements have some 
Inherent meaningfulness to people. The more meaningful a movement Is 
to a person, the easier It Is to remember that movement. This point is an 
important one to be considered when providing instructions to students to 
help them remember how to perform a skill. We will come back to it later 
(in experiment 3), when we consider strategies that influence coding or the 
memory of a sequential motor task.
It is clear that observation provides useful information about appropriate 
behaviour. A model can quickly and efficiently convey what to do, or give 
a precise image of a task s demands. Verbal instruction can do this also, 
more efficiently for some skills but usually less efficiently for motor skills.
Annett (1989) has pointed out the action/language bridge, Figure (1.1), 
required the assumption of an internal representation of action which is 
somehow accessible to, and modifiable by, both the perceived actions of 
others and verbal instruction. This representational system must be able 
to access output mechanisms so that perceived action can be imitated and 
verbal instruction can be obeyed.
Verbal instruction presents us with both, a translation problem and a 
control problem how words are expressed in actions and how actions are 
expressed in words, and how some instructions, once lodged in verbal 
memory, come to control the on-going actions of the learner, but other 
instructions used to control initial actions, drop out of consciousness after 
practice and play no further part.
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Learning a complex motor task under verbal instruction depends In part 
on how many individual action Instructions there are, and In part on how 
translatable they are, how easily words evoke action, and how well actions 
are described.
Hinsley, Hayes *  Simon (1977) have defined M understanding a set of 
instructions " as the individual ability to recognize problem categories, to 
programme oneself to attempt the task, and to employ this program or 
action plan to deal with it. It is not a requirement that the plan should be 
immediately successful since it may take many moves to solve the 
problem.
2.2.1. UndtrHandlng 4  coding vcrbtl liutruction»
In order to understand a verbal instruction, one has to create an 
appropriate plan of action in order to execute the task. The plan may 
appear relatively easy or difficult depending on the way in which the 
information is presented to the subject. Carpenter fc Just (1976) have 
shown the importance of grammatical structure and choice of words: for 
Instance, a direct inference sentence like " The millionaire died " takes less 
time to be understood (processed) than " The Millionaire was murdered % 
because of the Implications of the word "murdered".
Another important aspect of instruction is that it often contain two 
elements, a condition and an action. Dixon (1982) has carried out three 
experiments to examine plans and written directions for complex tasks. 
The task of sentence reading was used. The subject was shown a video 
display and control panel, and told that they represented an imaginary 
S3
The task of sentence reading was used. The subject was shown a video 
display and control panel, and told that they represented an imaginary 
electronic device that he/she would have to operate. In order to perform 
the task, the subject had to follow the directions presented on each trial. 
Each time the subject pressed a foot pedal, a single sentence describing one 
o f the steps appeared at the bottom of the video display. For instance, the 
display might read " The left knob should be turned in order to set the 
alpha meter to 20 H this sentence would then remain in view until the 
subject pressed the foot pedal to see the next sentence. The results of the 
experiments led Dixon to suggest that when the individual is reading 
instructions he/she may prefer to create plans in a form which places 
actions first and conditions second.
W right 4c Hull (1986, 1988) have investigated the process of encoding 
instructions, using reaction tim e (RT) techniques, and a question­
answering task, with such words as “u n less" in the question sentence 
"Unless the light comes on, check the fuse", seems to be associated with a 
strong presupposition that the action mentioned will be carried out, 
whereas " if  not " seems to suggest that when the conditional event is 
relatively unexpected. They found that differences in degrees of 
expectation of conditional events arose from the recoding operations 
readers applied, not necessarily consciously, to "un less". They also
suggested that "unless" might be recoded as "Do not............ if........ ..." with
the negative element being transferred from the condition to the action 
information.
Verbal instructions apparently can guide performance of a motor task. 
Som e cognitive process seems to be involved when verbal instructions are 
administered to a novice. Coding information from verbal instructions 
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should fulfil the sam e role at coding Information from observational 
learning techniques, in developing some label or image that represents 
several units of information.
2.3. Memory
Memory is an important component in our processing of information in 
order to produce the desired response. Many situations require the use of 
memory, e g. conversation with someone, working out a mathematical 
problem, or )ust playing tennis and so on ..........
We often think of mem ory as being synonymous with retention or 
rememberance. Howe (1970) stated that the word memory " is used to 
denote a capacity to remember; it is not an explanation of remembering " 
(p.4). The study of human memory involves a variety of topics but one 
need not discuss them all, because we are mainly concerned with memory 
for movement and for verbal information.
'Retention* is a key word in the understanding of human memory. 
Adams (1983) has suggested that investigators of memory for movement 
should concern themselves with memory for variables which are seen as 
important for m ovem ent, such as, knowledge of results, practice 
repetitions, cognitive processes, and verbal encoding of movement, 
whatever is judged to be determinant of movement and the retention
2.3.1. function»! tompaninu ni memory
There have been many attempts to provide theoretical explanations of 
memory. These hypothetical clarifications have com e primarily from two 
perspectives. One of these is proposed by the experimental, or cognitive 
psychologist, the other by the neuropsychologist, who is interested in 
explaining the structure of memory in term of w hat is occurring in the 
nervous system during behavioural changes that are related to memory.
I will limit my consideration of the structure of memory, to the approaches 
that have been developed bythe cognitive psychologist, who infers the 
structure of memory from its function as observed in the behaviour of 
individuals in memory situations.
Atkinson i t  Shiffrin (1968) have presented their model and theory of 
memory structures. The structures are best visualized as lying along a 
continuum (Figure 2.3), with each store representing a phase or stage of 
memory. However, the model has placed too m uch emphasis on where 
information resides rather than on what a person actively does with the 
information. According to the stage model (Figure 2.3), information is lost 
or forgotten in the memory store in which it happens to be.

In this respect, Haddeley ft Hitch (1974) ft Baddeley (1981) suggested a 
component called working memory In many ways working memory is 
similar to the sensory and short-term memory. For example, information 
seems to have a relatively short life in working memory. However, the 
important difference is that this short life is not due to the information 
being in working memory, but to the information not having been 
adequately processed by the individual to make it more resistant to being 
lost from memory.
2.3.2. Short-term memory (STM) k  Lem-term memory 1LTM)
A recall test requires the person to produce a required response with few, if 
any, available cues or aids. In the verbal domain, recall tests typically takes 
the form of an essay. In motor tasks, a recall test asks the subject to 
respond to a certain instruction, such as " move your arm to produce the 
correct distance ", or asks the subject to reproduce a certain movement that 
has been observed from a demonstration.
Much of what we know about the characteristics of the information, 
duration, and capacity, of working memory comes from research that is 
typically labeled short-term memory research. Peterson ft Peterson (1959) 
were two of the earliest psychologists to report research on this problem. 
They examined short-term retention of individual verbal items. Two 
experiments were carried out. The task was to recall 48 consonant syllables 
and 48 three-digit num bers. Their finding w ere simple and 
straightforward. They showed that subjects tend to lose information from 
short-term memory after only about 20 to 30 seconds. Other research
a
followed shortly, supporting (he notion of brief duration of information in 
short-term memory
In that connection Adams tk Di)kstra (1966) investigated short-term 
memory for motor response. The concept of their experiments was quite 
simple. Basically, the idea was that verbal information and motor 
information in short-term memory should have the same duration. 
Subfects were blindfolded and seated in front of a linear positioning task, 
which was simply a free moving handle that slid along a metal rod. The 
results of those experiments generally supported the notion that the 
duration of kinesthetic information in short-term memory is about 20-30 
seconds.
In short, these studies suggested that verbal or motor information in the 
short-term storage stage of memory remains there for a rather brief time, 
approximately 20-30 seconds, before it begins to be lost from memory.
The question now is how much information we can accommodate in 
short-term storage. Posner (1963) stated that the capacity of short-term 
memory becomes the limiting factor for the reproduction of sequential, 
verbal, or visual information when M nearly complete representation of 
the stimulus (input) was required in the response " (p.333).
George Miller (1956) in his classic article on memory, provided evidence to 
indicate that we have the capacity to hold about seven items (plus or 
minus two items), such as words or digits, in short-term storage. He also 
suggested that if the item is too large we may require some kind of 
processing of information beyond the short-term storage stage. Thus it 
would appear that in an immediate recall situation we can handle five to 
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nine Item« with relative «ate. Beyond that amount, error* In recall
Increaae.
To undentand the capacity notion of 7, plua or minus two items, in motor 
terms, Wilberg 4c Salmela (1973) considered this problem by requiring 
subjects to recall a sequence of 2, 4, 6, or 8 movements, using a two- 
dimensional Joystick. Their results indicated that 8 movements seemed to 
represent the immediate memory span for motor short-term memory.
A more permanent component of the structure of memory is long-term 
storage. It is generally accepted that information resides in a relatively 
permanent state in long-term memory ( Ryan, 1965). It is also generally 
agreed that there is a relatively unlimited capacity for information in long­
term memory ( Chase 4k Ericsson, 1982).
23 .3. Th« [Tatum  involved In rtctllin« mcvmini Informitlon
An important point that must be discussed in regard to remembering or 
learning a motor task is how the practice and test contexts are related ( 
Bransford, Franks, Morris, 4c Stein, 1979). In some situations, the test goal 
is essentially the same as the practice goal. This is especially so for closed 
motor tasks, e.g., to throw a bowling ball you must stand in usually the 
same place and throw the ball to hit the pins that are the same distance 
from you when you practiced the action. In such closed motor task 
situations, what is known as the encoding specificity principle applies.
The encoding specificity principle was introduced by Tulving 4c Thomson 
(1973). They carried out three experiments to examine encoding specificity 
and retrieval processes in episodic memory. Every subject was shown and 
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tea ted on three successive lists. The sole purpose of the first two lists was 
to induce subjects to encode each target word with respect to, or in the 
context of, another word. The target words, were each paired with their 
cue words, and were shown visually, one at a time, at the rate of three 
seconds a pair. The third list in each experiment was the critical list, 
providing the data of interest. This list, too, consisted of 24 cue-target pairs, 
with the material presented exactly as in the first two lists. Retrieving the 
words was the requirement of all subjects. Prom the results Tulving & 
Thomson suggested the formulation for the encoding specificity principle. 
According to this principle, the more the test context resembles the practice 
context, the better the retention performance will be.
Som e supportive evidence for this principle In the motor domain has 
been provided by the work of Lee tn Hi rota (1980). They Investigated the 
encoding specificity principle in motor short-term memory for movement 
extent. The task was limb-positioning movements. Subjects were divided 
into four groups of six subjects each. The four groups represented the four 
presentation conditions (active preselected, active constrained, passive 
preselected & passive constrained). The results showed that the recall 
accuracy of the movements was greater when the recall test was performed 
under the same active or passive movement mode as was the presentation 
condition. Recall error increased when subjects were required to perform 
the recall test in the opposite movement mode. Thus, having the same 
movement context available at recall was beneficial for remembering the 
criterion movements.
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2.3.4. Th« rtcill of malar or wfeal ktUI information
In the verbal memory literature there has been a rather consistent 
tendency towards showing a primacy and recency effect for serial recall. 
That is, first and last items of a list are recalled best, while middle items are 
recalled poorest.
This effect can be clearly seen in the graph in Figure 2.4. These results 
represent an experiment by Craik (1970). In this experiment, subjects were 
presented lists of 15 two-syllable nouns. The presentation was either 
spoken (auditory) or visual, and the recall was either spoken or written. 
Regardless of the method of presentation or the recall, the characteristic 
primacy-recency U-shaped curves resulted. These results demonstrated 
quite clearly the primacy-recency effect.

<»■
In the motor domain concerned with the recall of a aerie* of movement*, 
Magill & Dowell (1977) have examined the effect of the length of a aerie* of 
movement* on the recall o f those movements. The subjects, while 
blindfolded, were asked to m ove a handle on a linear slide to a series of 
stops along a steel rod. The movement series consisted of either three, six 
or nine movements. The recall of these movements was indicated in the 
same order in which they had been presented to the subjects. The results 
can be seen in the graph in Figure 2.3.
Figur* 2.5 Rasults «rem Iti* «p artiro nt by Magill 4  Oowall showing 
th* «*ii*l position curvas «or Uta recali o< a  aarlas o( Piras, als or nina 
movamants on a  llnaar positioning task. Magli! â  Dow*Il (1277).
The study revealed that thli linear pattern was only evident for the three- 
movement series. For both the six and nine movement series, a bowed 
serial position curve Indicating the classic primacy-recency effect began to 
appear
We have to remember that the curves in Figure 2.4 are inverted compared 
to the curves in Figure 2.5. This is because of error in the dependent 
measures: Thus, the better recall scores are lower in Figure 2.5.
It appears from the results of Magill St Dowell's study that serial position 
effects, for short-term memory, are the same as for short-term verbal 
memory.
Moreover, Wilberg St Girard (1977) showed the bow-shaped curve with 
free recall. They demonstrated that the length of the movement series was 
beyond "memory span", i.e. greater than five to nine movements, and the 
primacy-recency effect is readily noted.
From all these studies on memory recall, one might think that there is an 
ability within each one of us that differentiates us from others, and that 
this characteristic ability can take different forms, such as motor ability, 
imagery ability, and so o n ........
2.4 Individual differences
The term ability is heard in many conversations in an educational or an 
athletic context. I will be considering this term more precisely w hen 
individual differences are discussed. Fleishman (1972, 1978) has been 
responsible for developing much of the present understanding of the 
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relationship between human abilitlM and the performance of motor ■ kills. 
Ha distinguished between skill and ability as follows: «kill 1» a level of 
p m lltltn t»  in  « m iticu lu  In k , u  nnt mlihl ip tlk  nl «kill In rldlni «
bicycle ci flying an airplane; ability l i  t in  c
ni a variety of talks.
The fact that basic abilities arc themselves fairly stable permits the making 
of useful predictions about subsequent performance in specific tasks 
(Fleishman, 1967). For example, knowledge about a person's numerical 
ability helps one to predict his probable success later on in engineering 
training. Knowledge about the relevant physical fitness components 
should help predict performance in complex athletic skills.
2.4.1. Motor ibility
In 1972, Fleishman carried out research concerned with the developing of a 
"taxonomy of human perceptual-motor ability". He administered an 
extensive battery of perceptual-motor tests to a number of people. The 
results of this testing led him to propose that there seem to be 11 
identifiable and measurable perceptual-motor abilities. He identified these 
abilities as follows:-
1) Multilimb coordination.
2) Control precision.
3) Response orientation.
4) Reaction time.
5) Speed of arm.
6) Rate control.
7) Manual dexterity.
8) Finger dexterity.
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9) Arm-hand steadiness
10) Wrist, finger speed.
11) Aiming.
However, these lists cannot be considered as complete inventories of all 
the abilities related to motor skill performance. People differ in the 
number and variety of abilities they possess. One might consider that an 
ability to form an image is also related to motor skill performance.
The following chapter will discuss in m ore detail imagery ability and 
mental imagery, and its effects on different types of memory tasks.
Chapter 9 
M en tal Im a g ery
The study of mental Imagery was for a long time avoided by mainstream 
experimental psychologists. Nevertheless, the concept has not gone away and is 
currently enjoying striking acceptance both aa a phenomenon to be studied and 
as an explanatory concept in cognitive psychology.
Richardson (1969) in his book Mental Imagery has attempted to definmental 
imagery so that all subclasses of imagery are encompassed. Each major subclass 
of imagery is discussed in a separate chapter:
1) After imagery and related phenomena.
2) Eidetic imagery.
3) Memory imagery.
4) Imagination imagery.
In this research we are only interested in the third type, memory-imagery ability, 
defined by Richardson (1969) as
"  A  process w hich  in v o lv e s  th e ab ility  to  reco n stru ct a  quasi p ercep tu al ex p erien ce  of 
w h ich  th e in d iv id u a l is  con scio u sly  aw are , an d  w hich  ex ists  fo r  h im  o r  h er in  th e 
a b s e n c e  o f  p resen ted  s tim u li that a re  k n o w n  to  prod u ce th eir  g e n u in e p ercep tio n  
co u n terp art, and  w h ich  m ay b e  ex p ected  to  h a v e  d ifferent e ffec ts  from  h is  o r  h er 
percep tu al c o u n terp arts’  (p. 2).
This ability involves the reconstruction of a past percept and is, to this extent, a 
more centrally initiated event. For example, as human beings, we are able to 
form images corresponding to many different sense modalities. We can imagine 
the sight of our father's face, the sound of a train, the feel of rough sandpaper,
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the last« of a lemon, etc. All these ere example« of Image« we are able to 
envision without the physical presence of the imaged objects, using the 
knowledge which has been stored in memory. Since, for most people, vision is 
the richest of the senses, most of the research that I will discuss will address the 
matter of visual imagery.
MwMal Inafar
3.1.1. Imagery ability
Much psychological research on imagery processes began with the study of 
individual differences. Probably the most important factor influencing how 
effective imagery will be in motor skills is the imagery ability of the performer.
In this thesis 1 will consider one of the oldest methods of comparison that of 
comparing individual subjects in terms of their reports concerning the vividness 
or manipulability of their experienced mental Imagery. This method has been 
used by many psychologists for studying individual differences in mental 
imagery
3 .1 .2. lnlrg»Btitlvt auntipnniirr»
The most interesting questions for cognitive psychology concern the possibility 
of correlations between the phenomenal experience of mental imagery and 
performance in cognitive tasks, and the identification of the physiological 
structures which are responsible for the two sorts of empirical phenomena. As 
Marks (1977) has pointed out.
"S e lf-rep o rts  o f  I m s e e ry  o b ta in ed  fro m  co n scio u s  In sp ectio n  of o n -g o in g  p ro cess in g  
prov id es system atic  d ata, law fu lly  an d  reliably linked to  perform ance d ata o f  a n  en tirely  
o b jectiv e  n a tu re . W h ile  c o rre la tio n  Is n ot c a u sa tio n , it is  a  u sefu l tec h n iq u e  In the 
d ev e lo p m en t of new  th eo ries."
SO
The most detailed technique for evaluating the subjective vividneaa of a person's 
experienced mental imagery is possibly the Questionnaire upon Mental Imagery 
(QMI), which was developed by Betts (1909) from Gal ton's Original Procedure 
This Included 190 items, referring to seven ma)or modalities: visual, auditory, 
cutaneous, kinesthetic, gustatory, olfactory and organic. For example, subjects 
were asked to think of the sun sinking below the horizon, the mewing of a cat, 
the prick of a pin, running upstairs, the taste of salt, the smell of fresh paint and 
the sensation of fatigue. They judged the vividness of the evoked images on a 
seven-point scale, from "perfectly clear and vivid as the actual experience" to "no 
image present at all". Sheehan (1967a) developed a shortened form of Betts' 
original QMI, containing five questions from each of the seven modalities, and it 
is this version that I will be using in this research.
As In the case of any technique for evaluating individual differences, it is 
important to determine the reliability and validity of the QMI. Juhasz (1972) has 
shown that measures of the internal consistency of the scale are very good. 
Reliability of both the Betts' and Gordon measures assessed by Cronbech's alpha 
in Cronbach A Purby (1970) (an estimate of internal reliability) were obtained 
from 67 undergraduates, 34 subjects in group one and 33 in group 2» in two 
sections of introductory psychology, and 12 professors at Bucknell University. 
The estimates of odd-even reliability for the Betts test were, for undergraduates, 
0.95, and for professors, 0.99. The estimates for the Gordon test were , for 
undergraduates, 0.88, and for the professors, 0.95. These results as we mentioned 
earlier suggested that for these subjects both measures have satisfactory internal 
reliabilities.
The question of the test's validity is more difficult to answer. As Dumdell A 
Wethcrick (1976) put it " It is difficult to obtain an external criterion for this 
subjective phenomenon." In general, most discussions of the validity of the QMI
coherent Internal structure, or to show that It correlates with other, similar tests 
(W hite, Sheehan A Ashton, 1977).
Sheehan (1966b, 1967b) had some success in relating the reported vividness of 
experienced mental imagery to the accuracy of visual memory. This was the 
result from his Initial Investigations of the predictive capacity of the shortened 
form  of the QM1. However, these results failed to get more support in a more 
carefu l replication (Neisser, 1972; Sheehan A N eisser, 1969). Purther 
investigations have produced negative findings of the usefulness of subjective 
Judgements in predicting performance in learning and memory tasks (Danaher A 
Thoresen, 1972; Neisser A Kerr, 1973; Richardson, 1978). Moreover, the reted 
vividness of experienced imagery does not affect the effect of stimulus 
imageability upon recall (Sheehan, 1972). However, Sheehan A Neisser (1969) did 
find that scores on the QMI related to the incidental recall of block designs, so 
m uch so that vivid imagers were superior to non-vivid imagers. A similar 
relationship between vividness and incidental recall has been found in at least 
tw o other studies (Janssen, 1976; Morris A Gale, 1974).
In this respect. Marks (1972, 1973) has suggested that it would be more appropriate 
to select subjects according to their scores in the imagery modality who are most 
likely to function in the experimental task to be performed. Therefore, Marks 
devised the Vividness of Visual Imagery Questionnaires (W IQ ), containing 
sixteen items to be rated in terms of evoked visual imagery along five-point 
rating scales. The internal consistency of this test is good, the test-retest reliability 
is high, and factor analysis yields a single underlying dimension (White, Ashton 
A Law, 1974; Marks, 1972,1973).
The QMI and the W 1Q  correlate moderately well both with each other and with 
other subjective questionnaires on the vividness of experienced imagery (White,
Ashton, Brown, 1977), and alto In an investigation by using factor analysis 
(Lorenz A Neisser, 1985) with event recall. Subjects completed nine mental 
imagery measures (Mark's W 1Q , Gordon s Vividness Scale Forms 1! k2, Space 
Relations Form of the Differential Aptitude Test, Barratt's Visualization Form A 
and B, Bett s QMI, C ut the Cube task, and Richardson s W Q ). The results 
showed, as usual, that collectively such tests define a single underlying 
dimension of factor analysis.
Another imagery test, the Movement Imagery Questionnaire (M1Q), has been 
developed in recent years at the University of Western Ontario by Hall A Pongrac 
(1983). The test is designed to assess individual differences in visual and 
kinesthetic movements imagery. The questionnaire was designed to ensure that 
all participants answering the questionnaire were im aging exactly the same 
movements. The approach taken was to consider each movement to be imaged 
as a separate item. Each item consisted of three parts. First, the starting position 
for a given movement was described and the participant was requested to assume 
this position, second, the movement was described and the participant was asked 
to produce this movement, finally, the participant was asked to resume the 
starting position, imagine producing the movement without actually performing 
it, and then rate the ease/difficulty with which the movement was imaged. The 
response format was a seven-point rating scale. The test-retest reliability of the 
MIQ is satisfactory. Reliability coefficients for each of the two sub-scales were 
r<32)-0.83 (Hall, Pongrac 4c Buckholz. 1985).
Variations in imagery ability have been shown to have important consequences 
on various cognitive tasks from the input of information, perception, the storage 
of information, verbal learning and memory, and m ental manipulation of 
information, thinking, creativity and mental operations (Ernest, 1977).
S3
Recent inveetigetions have attempted to make clear which proceasea In vlaual 
Information proceaaing are related to the abilltiea in  visualization or 
manipulation of vlaual imagery apedfically, using cognitive taaka whoae internal 
processes are relatively well documented (Hatakeyama, 1984; Kosslyn, Brunn, 
Cave, 4c Wallach, 1984). They found that not only ia imagery not a simple, 
unitary ability, but it ia a part of a larger, more general undifferentiated ayatem.
3.13 imagery k  motor p gfgnntnct
We muat now turn to the relationship between imagery and motor performance, 
a relationship which might, at first glance, seem tenuous in the extreme. Denis 
(1985) stated that imagery ia a psychological activity that la moatly inward, 
belonging to the class of "private events", whereas motor performance is more 
external and "public" in nature. Furthermore, imagery evokes the physical 
characteristics of an absent object or event that has been perceived in the past or 
will take place in the future. Motor activity typically is more associated with the 
present, as individuals perform they can be viewed and objectively measured by 
others.
Despite these differences , researchers who believe that motor learning is 
controlled at the cognitive level have been investigating the relationship 
between imagery and the learning and performance of motor skills for the last 30 
years (Richardson, 1967a, 1967b; Paivto,1971, 1985; Finke, 1979; Chevalier-Girard 
4t Wilberg.1980; Hall, 1980, 1985; Feltz It Landers, 1983; Suinn, 1983; Denis, 1985; 
Goss, Hall, Buckholz *  Flshbumc, 1986; Fishbume *  Hall. 1988). ..etc...
Shea 4c Zimny (1986) suggest that motor learning is essentially influenced by 
people's goals, what knowledge they possess and the incorporation of new 
knowledge with old. They believe that this knowledge is combined in a mental
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representation of the m otor task and la acted upon by strategic trial and error 
processes. One might conclude from this approach to motor learning that there 
are arguments for a functional relationship between imagery and action.
In the last few years the term imagery has become popular within the motor 
skills literature, especially in physical education. The term that is usually used in 
the past was mental practice or mental rehearsal. One might ask the question. 
Are imagery and mental practice the same? Singer (1980) employed both terms 
to refer to "task rehearsal in which there are no observable movements" (p.426). 
However, many psychologists have suggested that mental practice involves 
more than imagery. Marteniuk (1976) has defined mental p ractice as 
"improvement in performance that results from an individual's either thinking 
about a skill or watching someone else perform it” (p.224).
The main purpose of this research is to investigate the effects of imagery on 
motor performance. There would seem to be advantages in understanding the 
type of coded inform ation in the retention processes in any motor learning 
theory. This research will be restricted to simple laboratory motor tasks and the 
efiect of differences in individual imagery ability.
3.1.4. Imagery *i t  mcdlitlgnal proa»
The imagery approach states that both imaginal and verbal mediation procedures 
can influence learning and memory. It also suggests that the availability of 
imaginal, but not verbal, mediators is related directly to the strength o f the 
stimuli. Paivio (1969) in  his paper concerning the functional significance of non­
verbal imagery and verbal processes in associative meaning, mediation, and 
memory, did provide som e theoretical basis for expecting one kind of mediator 
to be more effective than another when they are equally available.
Many studies have involved Imagery instructions, and the use of pictures aa 
mediators has shown that they can be aa good aa memory aids. Gupton At Prink 
(1970) have investigated the effects of instruction to employ imagery aa an aid to 
memory, as well as the noun-verb and the verb-noun pairs in which either high 
or low imagery value nouns were presented . Subjects assigned an imagery 
value to each noun on a 7-point visual rating scale. A rating of 7 Indicated 
nouns for which there was either no image evoked or it was very unclear, while 
1 indicated a very clear image. There were two instruction conditions, the first 
involved thinking of a "picture" that goes with the pair, and the second 
condition had no instructions noun-verb, verb-noun pair ordering. In each 
condition, subjects were shown 12 noun and verb pairs at a 2 per sec. rate for five 
trials. During a 30-sec. interval after each tr ia l, subjects were occupied by writing 
random three digit numbers dictated at a 1 per sec. rate. After the fifth trial, 
subjects were asked to write down as many of the pairs as they could recall, in 
any order they wished. The results supported the notion that imagery 
instruction can be as powerful as memory aids.
Imagery has been considered as a m ediational process for movement 
information in some studies. Housner Ac Hoffman (1978) examined the role of 
imagery in the reproduction of criterion locations and distance using subjects of 
different imagery abilities. A curvilinear positioning task was employed and the 
subjects were tested on their ability to reproduce six locations and six distances 
immediately following presentation, after a 30 seconds' rest, following a 30 
seconds' imaginal rehearsal condition, and after an imaginal distraction 
condition. As the dual coding approach predicts, imagery as a mediator 
improved reproduction performance. Scores of subjects who indicated the use of 
an imaginal coding strategy were compared with those who did not use an 
imaginal code, the differences in the two groups were significant for location for 
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the conditions of Immediate reproduction and 30 seconds of imagine! rehearsal, 
but not either of the conditions entailing a 30 second rest or imaginal distraction. 
These findings also support the availability hypothesis if we assume movement 
locations are relatively concrete while the concept of distance is more abstract.
Housner & Hoffman (1981) showed the role of visual imagery in short-term 
retention of distance and location information by comparing performance of two 
groups of subjects and defining them as high and low imagers Their findings 
suggested that when subjects employ an imaginal coding strategy, visual imagery 
ability may be an important factor in the retention of location information, but 
has little functional significance in the recall of distance. The data replicated 
their findings of the previous investigation concerning the role of Images in 
motor memory (Housner fc Hoffman, 1978).
In another study, Chevalier-Girard h  Wilberg (1980) presented lists of ten 
movements in a control condition, imagery condition, and imagery plus 
labelling condition. Labelling entailed giving subjects verbal labels for the 
movement patterns formed and was congruent with techniques used in verbal 
studies (Paivio, 1971). The subjects were required to recall the movements in any 
order both immediately following their presentation and 24 hours later. Recall 
was better for the imagery condition than the control condition, but best for the 
imagery plus labelling condition. These findings are consistent with the view 
that images and labels can both serve as effective memory aids for item 
information, and are related to the dual coding assumptions of independence 
and interconnectedeness. The non-verbal and verbal processing systems must be 
at least partially independent, so encoding can be in terms of one form of 
representation(code) or the other, or both. If It Is both, one code could be 
forgotten and the appropriate response could still be retrieved from the other.
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Thus the two codes are considered to have additive effects on recall probability, 
and presumably recall performance of a motor task.
Most of these imagery studies have emphasized, or assumed, the use of visual 
imagery by subjects. However, Hall, Pongrac & Buckholz (19S5) have suggested 
that In motor skills it is possible that imagery Instruction to use kinesthetic 
imagery, might be more effective than visual imagery, because kinesthetic 
imagery is concerned with the feel of a movement. Based on that, they have 
asked sub)ects to use kinesthetic imagery in a number of studies, and most 
subjects reported that they were able to do so. However, s small percentage have 
indicated that they have experienced some difficulty separating kinesthetic 
imagery from visual imagery. Their conclusion was that consideration must be 
given to the performance tasks employed to validate these tests and individual 
differences can only predict performance if the task is imagery dependent or 
performed best with imaginal strategy
Ryan 4k Simons (1962) studied improvements following mental or physical 
practice in learning to balance on a stabilometer. At the completion of the 
learning phase, subjects in the mental imagery conditions answered a 
questionnaire concerning the amount and quality of any visual or kinesthetic 
imagery they had experienced. It was found that physical practice produced 
larger improvements than did mental rehearsal, and both were better than no 
practice. Performance of subjects who were asked to use imagery In mental 
rehearsal was superior to that of subjects asked not to. Also, subjects reporting 
strong visual images showed more improvement than those with weak visual 
images, and those reporting strong kinesthetic images were better than those 
with weak kinesthetic images.
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C o m , Hall, Buckolz & Plshbume (1906) have carried out an experiment where 
the subjects were required to leam a selection of movement pattern to a criterion 
performance level. Subject» were divided into high and low imagers based on 
both their visual and kinesthetic imagery rating scores on the Movement 
Imagery Questionnaire (MIQ) (Hall 6c Pongrac, 1963). The subjects were given 
instructions that emphasized only kinesthetic imagery. They claim that all 
subjects reported being able to comply with the instructions and that kinesthetic 
imagery was beneficial in acquiring the movement patterns. Their findings 
supported the position that high Imagery ability facilitates the acquisition, but 
not the short-term retention, for movements. The reason might be, that in order 
to form a kinesthetic imagery, one has to cognitively process the movements 
information and then form the required images.
3.1.5. The duractcriitfc gf the ink
When learning a motor task, consideration should be given to how easy the skill 
is to image. Hall (1900) has demonstrated that different movement patterns 
have different Imagery values (see chapter 2, page 30). Therefore, the extent to 
which a movement pattern is remembered depends on its Imagery value, the 
higher the imagery value, the easier the movement is to image, and the more 
clearly it is remembered.
Feltz 6c Landers (1963) have carried out a review which shows that not all motor 
tasks benefit equally from imagery. Comprehensive research using the meta- 
analytic strategy proposed by G. V. Glass (1977) suggested that mentally practising 
a mot' r skill renders performance only marginally better than no practice at all. 
The 60 studies yielded 146 effect sizes and the overall average size was 40. Effect 
size was also compared on a number of variables thought to moderate the effects 
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of the effects produced by mental practice was larger for cognitive tasks, such as 
finger-maze learning, than for tasks such as dart throwing. The latter, in turn, 
exceeded the effects in tasks in which strength was the major component. From 
these findings Feltz & Landers were led to propose that mental practice effects are 
related to the cognitive components rather than the motor components of the 
task being learned.
Paivio (1985) discussed the importance of task analysis in the use of imagery 
The suggestion that he made is that one usually overlooks the issue of whether 
or not the task involves a perceptual target. What is the performer doing in 
relation to the target? Is the performer moving or stationary? These questions 
raised by Paivio seem to be related to whether the task is "closed" or "open".
Poulton (1957) presented a classification system for motor skills as related to the 
industrial setting. The basis for this classification was the stability of the 
environment in which the skill was performed. If the environment was stable, 
that is predictable, then Poulton classified the skill as "closed". If on the other 
hand, the skill involved an ever changing, unpredictable environment, the skill 
was classified as "open". Moreover, Gentile (1972) expanded this classification 
system to make it applicable to sport. Rather than considering open and closed 
skills as tw o parts, Gentile suggested these terms were anchor points of a 
continuum. One end of the continuum includes skills that take place under 
fixed, unchanging, environmental conditions, or closed skills, (some examples 
would be bowling, golf, and weight-lifting). The stimulus in each of these 
situation waits to be acted upon by the performer. Open skills, at the other end of 
the continuum, involve such skills as tennis, and football. The performer must 
act upon the stimulus according to the action of the stimulus.
Menial ln.«|«y
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Paivio's (1985) argument was that auch task differences must have implications 
for how imagery can be employed most effectively. He raises the question of 
whether a target oriented component of a skill can be effectively rehearsed using 
imagery, and how would it be possible to do this with an imagined target, in the 
way that eye-hand coordination is improved?
Most industrial tasks involve a stationary object, which make it possible 
m entally to  rehearse or imagine a successful perform ance of the task. 
Instructional books on sports, often written by former sportsmen, typically 
suggest visualizing in your mind a successful performance, and this includes the 
target (e.g., getting a strike in bowling).
Mm UIUm o t
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3.2. M .n u l Im m r»  lh«ortw
A number of theories have dominated the literature of mental imagery for the 
last 40 years, and some are still interesting to the cognitive psychologists of today 
In the following section of this chapter a review of the major theories of mental 
imagery will be presented, along with some of the variables that have an effect 
on the use of imagery.
3.2.1. filtla  i  Puil Ceding Theory
One of the first, and still very influential, accounts is Palvto's Dual Coding 
Theory (Paivio, 1971, 1986). According to Paivio's theory, people remember and 
think about things they have experienced with the aid of words and images. 
Images, Paivio claims, are better then words for representing the way things look 
or appear.
This theory is based on the general view that cognition consists of the activity of 
symbolic representational system s that are specialized for dealing with 
environmental information, in a manner that serves functional and adaptive 
behavioural goals. This view  implies that representational systems must 
incorporate perceptual, effective and behavioural knowledge. Paivio stated that 
human cognition is unique in that it has become specialized for dealing 
simultaneously with language, and with non-verbal ob jects and events. 
Moreover, the language system is peculiar in that it deals directly with linguistic 
input (in the form of speech or writing) while at the same time serving a 
symbolic function with respect to non-verbal objects, events and behaviours. 
Figure 3.1 shows the structural features of the dual coding theory that are most 
relevant here.
a
Figura 3.1 Schematic dUgram oí tha atructura oí varbal and non-varbal 
lymbolic lym iOm i. (Adaptad from Pal vio, 1986)
Th* central assumption in tha theory is that experiences are represented in 
concrete, modality specific ways that reflect the original events on which mental 
representations are based A verbal cognitive system represents and processes 
linguistic information, whereas a non-verbal system handles perceptual-motor 
inform ation concerning environm ental objects and events. T h e two 
representational systems are functionally independent, but appropriate 
experiences produce referential connections between the verbal and non-verbal 
systems, as well as associative collections among representations within each 
system, as shown in Figure 3.1.
According to the theory, collections of mental representations are activated 
directly by external stim uli, and indirectly by referential and associative 
connections. In the case of words or statements, cognitive activity starts at 
particular verbal representations and spreads throughout the system, as  in 
spreading-activation models of cognitive processing (e g. Collins k  Loftus, 1975).
The ability of the verbal and image systems to translate inputs into the opposite 
system suggests a common code exists between the two systems. The existence of 
an underlying common code makes further specific coding systems inessential. 
Anderson (1978) claims, as does Pylyshyn (1979, 1980, 1981) that any arguments 
made for specific coding systems can also be accommodated by ?. common coding 
system. If there is an interpretation mechanism which can deal with 
information from multiple codes, then information represented in a common 
code is more easily grasped. In this respect, Richardson (1980) has suggested that 
imagery is a distinct process, acting on model representations. That is to  say, 
imagery functions as a method of recall and rehearsal which permits memory 
representations to be actively integrated and adapted, because common coding 
systems do not necessarily diminish the functionality of an image system.
3.2.2. KflMlyn i CRT Thaory
Paivio has accounted for tha distinction between verbal coding and images, but 
does not tall us much about tha machantes of tha image itself. In a series of 
publications in tha lata seventies and early eighties, Kosslyn and his colleagues 
described a model of the Imagery system which is far more detailed than any 
comparable imagery theory (Kosslyn, 1973, 1978, 1980, 1981; Kosslyn A 
Pomar ant/, 1977).
In 1980 Kosslyn proposed his theory of imagery that assumes two distinct types of 
representations, namely, "deep" images and "surface" Images. The deep images 
are long-term memory structures, presumed to be propositional in format, 
containing information about the appearance of objects and scenes. The deep 
images are used to generate the surface images, the analogue "quasi-pictorial" 
representation that we consciously experience as visual mental imagery. 
According to his theory, the surface image consists of the pattern of activation in 
a "visual buffer" which can be activated either by internally generated Imagery or 
an externally encoded percept. Therefore visual imagery shares a common 
process with visual perception. The theory was shaped largely by three classes of 
empirical findings.
First, Beech ft Allport (1978), Kosslyn, Reiser, Farah, and Fliegel (1983), and 
Paivio (1975) found that people require more time to form images of acts for each 
additional object included in the acts. In addition, the complexity of a single 
imaged object affects image generation time. In short, multipart images are not 
retrieved all at once, but are built up on the basis of separately stored codings.
Second, the results of other experiments indicated that people can construct 
images by making use of descriptions of how parts are to be arranged. For
example, subjects in on* experiment could imagine a frying pan floating 6ft. 
above a bicycle which it 6ft. to the right of a rabbit (Koeslyn, Reiser, Parah A 
Fliegel, 1983)
Third. Bundesen A Larson (1975), Farah 4c Kosslyn (1981), Hayes (1973) and 
Koaslyn (1975) showed that people can form images of different " subjective 
sizes” (i.e., so they seem to view from different visual angles). In general , less 
time is required to imagine objects of smaller size than larger size, presumably 
because parts of objects are omitted in images of smaller size because of "grain" 
constraints (Kosslyn, 1980).
Given these empirical findings, it places additional constraints on the theory. 
That is, as a test for formulating a theory of information processing it is useful to 
consider what one would need to do to program a computer to Imitate the effects 
observed with humans. For example, the model assumes that something 
resembling a "cathode-ray-tube (CRT) display screen" exists within the cognitive 
processing system. However, Marr (1976) suggested that perceptual processing 
utilizes a visual buffer to construct a " primal sketch" of objects, but this is 
supposed not to have any "screen-like" properties and to be inaccessible to 
conscious processing. While computer simulation is a useful aid to theorizing, a 
simulation is purely a description of a system, and not a test of the system. 
Consequently, any procedures which function within the simulation need not to 
be present in actual behaviour.
As it is, Kosslyn's CRT theory did not undertake to show how imagery might 
function in a cognitive system, he was mainly concerned with how an image 
system itself might function. He claimed that images are distinct forms of 
representation, with separate propositional and image representational systems. 
In that case the two systems interact to produce images and classify objects. 
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Therefor«*, in this respect Kosslyn's CRT theory seems to be an extension of 
Paivio's dual coding theory of mental imagery.
1.2.3. N riiK M  Lhtory ul mcnlil lm«««ry
Neisser (1976, 1978) proposed a model of mental Imagery which accounts for 
Image function within a "schema" theory of cognition. To understand Neiaser's 
approach, it is important to realize that it is part of a more general account of 
perception and cognition. Neisser's aim has been to exploit the notions of 
information-processing put forward by himself in his earlier book Neisser, 
(1967).
First, worldwide information sources afford classes of data which may be used by 
a particular organization. The usable data are picked up by cognitive structures 
known as schemata, provided that these are in a state of expectation or readiness. 
A schema's anticipation amounts to a set of hypotheses about the world. The 
cognitive system gains knowledge by noting whether or not its schemata 
expectations are realized. A second function of the schemata is to control the 
output or the exploration system. The final element in Neisser's model which 
further samples the first element is worldwide information.
Neisser accounts for the phenomena of imagery in a way which is both 
sop h isticated  and simple, and at the same time emphasizes its link with 
perception. He argues that having an image is equivalent to imagining or 
pretending to see. It is an anticipation or readiness to perceive, not the retrieval 
of a mental picture or a perceptual description, and it occurs when the schemata 
normally used for perceiving are used out of the context of their normal cydes. 
These "disconnected" schemata are used purely in their antidpatory mode and
in this way the cognitive system acts as if it were perceiving without actually 
doing it.
The interesting aspect of the theory , is that it clarifies the problem of the link 
between imagery and perception and puts aside the argument about the nature of 
representation, because imagery is an anticipation of perception.
3.2.4. Concluding rtnwki
It seems that theories on motor learning , which involve current perception of 
the world as a determinant of motor behaviour, are much more easily 
understood than theories that involve the internal cognitive representations. 
However, observational learning of movement, which is cognitive learning and 
which I have already reviewed in Chapter 2, can be a valuable testing base line for 
investigating the cognitive representation and how it regulates movements
Furthermore, verbal instructions are another testing ground for investigating 
cognitive representations. Investigators of the verbal mediations are restricting 
their research to the disconnected verbal response (Carpenter 4c Just,1976; Dixon, 
1982; Wright 4c Hull, 1986, 1988); however, as we all know utterance is capable of 
more complex organization for the control of movements. Annett (1983, 1985) 
has shown that there is little systematic knowledge of the relationship between 
language and action (Figure 1.1).
Because the internal processes occur within memory, it was essential to review 
some of the studies that investigated the control processes of human memory. 
Control processes are those aspects of memory that are under the direct control of 
the individual. These processes include the storage, rehearsal and retrieval of 
information. Storage and retrieval are easier when the information to be 
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remembered or learned it  meaningful to the individual, also the study of 
memory to determine the characteristics of motor or verbal serial information, 
indicates that the function relating recall to serial position is a bow-shaped curve. 
Information at the beginning and the end of a series is recalled better than 
information in the middle of the sequence.
The link between memory and imagery has been shown by a number of 
psychologists. Paivio (1971) has shown some evidence that imagery helps 
memory. To be more precise, the rule is that increases in imaginal processing are 
associated with improvements in memory tasks for which imagery is useful. 
Mental imagery has been shown to have limited success in the learning and 
retention of verbal and pictorial materials but exceptional success in motor 
learning (Gopher, 1984). However, imagery might have played the key role in 
studies of mental practice, but was not identified as doing so. One might examine 
more closely precisely how observational learning (imitation) occurs and whether 
or not the cognitive process of forming a mental image is related to the recall of 
movem ents.
i - i  The paw r loldln« (or!««ml) in k
A central feature of the research presented in this thesis is the paper folding task 
(origami). This closed motor task requires subjects to learn how to perform 
certain movements by folding a piece of paper in order to form some kind of 
three-dimensional object. The word 'closed' was used here in accordance with 
the classification of Gentile (1972), that is, a closed motor task is one where the 
stimulus waits to be acted upon by the performer; in this case the piece of paper is 
the stimulus. The task requires a great deal of imagery and an extensive 
sequence of movements. Also to perform this task the subject will be requiring 
to refer to the representational image of the task when asked to recall it.
€9
}.«  An oullliM oi th , m ptrtcal work
The following four chapter« present a series of experiments which Investigates 
the role o f  Imagery ability in observational learning on recalling the movement 
of a m otor task. By using different instructional methods and a variety of 
modelled dem onstrations with one imagery ability measurement, the 
underlying effects of imagery ability are investigated.
An origami task, which consists of learning to perform certain folds on a square 
piece o f paper in order to form a three-dimensional object, was the main 
experimental task. Imagery ability was measured based on the individual self- 
rating in the shortened form of Betts questionnaire (QMI) (see Appendix (1.3)). 
The experim ents which follow make use of the rating results from Betts' 
subjective questionnaire to distinguishes the individual differences between 
subjects en d  compare the accuracy and performance speed of recalling the 
origami teak. Certain groups of subjects are instructed to rate themselves on 
Betts' (QM I) questionnaire. One group of subjects is instructed to learn the task 
by reading the verbal description of the origami task while the other is instructed 
to learn the task by observing a model demonstration o f the task and then 
recalling th e  task. By comparing high and low imagers on accuracy and 
performance speed, it is possible to investigate the effect of imagery ability on the 
recall of task movements learned by the two instructional methods.
It was hypothesized that imagery ability affects the recall of the motor task, and 
evidence is  presented in Chapter 4 which shows that the ability to form images 
has a profound effect on movement recall of the motor task learned by the
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method of observational learning in the early stage of learning, and that high 
imagers tend to recall the motor task with more accuracy than low imagers.
A new type of demonstration was introduced. This used selected still 
photographs chosen from a large number in various ways. Purther 
Investigations of imagery ability and different type of demonstrations were made 
possible by using an additional non-meaningful origami task to suppress the 
effects of the ability to form an image in recalling the movement of the task. 
This, of course, assumes that there is some relationship between the cognitive 
processes of forming an image and the meaningfulness of the coded images.
Moreover, in Chapter 7 we continue to investigate the effect of imagery ability on 
different type of observational learning techniques using demonstrations 
containing maximum and minimum information. This, of course, assumes that 
there is some relationship between the cognitive process of forming an image 
and the type and amount of demonstration used to learn the task.
The final chapter draws together the intricate relationship between 
imagery ability, imitation, demonstration and the recall of a closed motor task. 
Suggestions are made for the application of imagery ability in motor learning 
situations and about future research in applied and theoretical settings.
THE EFFECT OF IMAGERY ABILITY ON OBSERVATIONAL LEARNING
(IMITATION) 6c VERBAL INSTRUCTION
Review of the observational learning literature revealed that subjects 
usually rely on the internal process which occurs within memory in order 
to recall and perform the learned task. It was found that demonstration or 
modelling is one of the most widely advocated instructional techniques for 
conveying information to learners in connection with the temporal/spatial 
organization of movement patterns (Gentile, 1972; M artens, 1975). Given 
the widespread use of demonstration, it is interesting that motor behaviour 
theorists have neglected the issue of how movement sequences are acquired 
through observation (Carroll 6c Bandura, 1982).
Research on the observational learning motor tasks has employed 
experimental tasks in which the goal or outcome of sim ple movements is 
emphasized rather than the acquisition of complex sequences of movement 
(Adams, 1978). Experimental tasks such as the Bachman Ladder (Feltz, 1982; 
Feltz 6c Landers, 1978; Landers, 1975; Landers 6c Landers, 1973) and shoot-the 
moon (Martens, Burwitz 6c Zuckerman, 1976) and th e  ski-simulator 
(Whiting, Bijlard 6c Brinker, 1987) are frequently used for investigations of 
observational learning, each of which emphasizes outcom e over the 
acquisition of movement patterns.
I p - "
Researchers on modelling have been faced with another problem, that of 
how to describe describe the aymbolic coding processes employed by learners 
as they attempt to acquire modelled movement information. Presumably, 
learners are capable of representing modelled movements In memory, 
organizing and rehearsing the motor act centrally and using the stored 
representation as a plan of action or images to guide and evaluate 
reproduction attempts. However, little Is known about the nature of the 
representations used to code movement sequences in memory. The 
purpose of this research is to investigate the symbolic coding processes that 
regulate learning complex sequences of movements from observation.
According to the cognitive social learning theory of Bandura (1971, 1977, 
1986), acquisition of movement patterns is governed by a conception­
matching process. The initial step In this process, referred to as coding. Is 
employed to represent the modelled stimuli in memory. It is assumed that 
two representational systems are available to transform brief sensory data 
into centrally organized, symbolic memory codes - a verbal system and 
visual images. Rehearsal processes must be Initiated to maintain the 
symbolic codes in memory, particularly if a delay interval occurs between 
exposure to the model and reproduction. As Bandura, Jeffery A Bachicha 
(1974) put it, "if modelled responses are coded but not symbolically 
rehearsed immediately after exposure, they are rapidly lost from memory" 
(p.303).
Although verbal and visual symbolic codes play a central role in the 
conception-matching process put forth by social learning theorists, only a 
few studies have examined the function of these representational systems
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in the acquisition of movement sequences. With regard to verbal codes, 
G ent (1971) and Berger, Carli, Hammenla, Kanhmer it  Sanchez (1979) had 
subjects view and produce movements obtained from the manual language 
for the deaf. In both studies it was found that verbal coding strategies can 
vary recall of modelled movement sequences Studies by Bandura, Jeffery it 
Bachucha (1974) have shown that assigning alpha /numeric labels to discrete 
arm movements supplies subjects with concrete verbal codes that facilitate 
recall of complex combinations of movements.
Taken together, the available research provides initial support for the 
efficacy of verbal symbolic coding processes in observational learning of 
movement patterns. Very few findings have been reported in support of 
the effectiveness of visual (imaglnal) coding strategies. In Gerst (1971) a 
study mentioned earlier, it was found that subjects instructed to employ 
imaginal coding strategies recalled more movements than subjects who 
formulated verbal descriptions. Furthermore, highly vivid memory images 
of the stimuli corresponded to more accurate recall of responses difficult to 
code verbally. Housner (1964) compared subjects classified as high and low 
In visual imagery ability in recall of complex sequences of movement 
comprised of discrete arm, leg, trunk and head movements. His findings 
showed that high imagery ability subjects recalled movement patterns with 
slightly greater accuracy than subjects low in imagery ability, but only for 
free recall of the stimuli. When subjects were assessed on their ability to 
reproduce movements in correct chronological order, no differences 
between imagery ability groups were found. Furthermore, providing 
subjects with instructions to employ imaginal coding strategies did not 
influence reproduction accuracy. The findings provided only modest 
support for the hypothesized role of imagery ability in the retention of
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support for tha hypothesized role of imagery ability in the retention of 
modelled sequences of movement.
The purpose of the present study was to explore further the role of imagery 
ability In acquisition of motor movement from observation. It was 
reasoned that if visual imagery can be employed to store movement In 
memory, individuals classified as possessing high imagery ability would 
reproduce modelled movements with significantly greater accuracy than 
individuals low in imagery ability. Thus, an individual differences 
paradigm was used to explore the possible role of imagery ability in recall of 
modelled movement response.
There have been considerable reservations concerning the measurement of 
imagery ability, particularly when subjective self-report measures are 
employed. However, as we mentioned in Chapter 3, the most detailed 
techniques for evaluating the subjective vividness of a person's experienced 
mental imagery is possibly the questionnaire upon mental imagery (QMI), 
which was developed by Betts (1909) from Gal ton's original procedure, and 
later on was shortened by Sheehan (1967a) to contain only 35 items instead 
of 150 items and has been successfully used in predicting individual 
differences in imagery ability that correspond to performance in a variety of 
mem ory tasks (Sheehan, 1967b; W alsh, Russell fc Imanaka, 1980; 
Hatakeyama,1984). Therefore, scores in the QMI were used to divide 
subjects into highs and lows.
75
' P - "
In addition to Imagery ability, on* other variable waa thought to influence 
recall of a modelled response, as Annett (1982) described it in his Action- 
Language Bridge: that is, using verbal instructions of the same motor task to 
learn and reproduce the task. Koen (1971) has argued that as stimulus 
complexity increases, difficulty in verbal labelling also increases and this 
results in a greater reliance on visual imagery. Therefore, it was 
hypothesized that an observational learning technique is more effective 
than verbal instruction in learning a motor task.
7*
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To support our hypothesis an experiment was carried out, to test a group of 
subjects and examine the effect of their imagery ability on the recall of a 
closed motor task, using two different techniques of learning. The 
shortened form of Betts questionnaire upon mental imagery (QM1) was 
used for the measurement of general imagery ability, in order to distinguish 
subjects into high and low imagers. Betti QM1 consists of 35 items designed 
specifically to investigate imagery in seven major sensory modalities: 
visual, auditory, cutaneous, kinesthetic, gustatory, olfactory and organic. 
Each modality consists of five items; for example, in the visual modality, 
subjects were asked to think of seeing “the sun sinking below the horizon ", 
and to consider carefully the first image which sprang to mind. Instructions 
were adapted to suit different modalities. Stimulus items suggested in other 
modalities were “running upstairs “(kinesthetic); “the sound of escaping 
steam “(auditory); “touching the sand “(cutaneous); “the taste of an orange 
“(gustatory); “the smell of cooked cabbage “(olfactory); “the sensation of 
hunger “ (organic). Subjects evoked images of objects suggested by the items 
and rated the vividness of their imagery on the Betts seven-point rating 
scale which ranged from “no image present at all" (7) to “perfectly clear and 
vivid" (1). Low scores meant high imagery ability and vice-versa, the score 
points ranged from 35 to 245 on the QM1 (See appendix 1.1).
The experimental hypotheses were 1) Imagery ability could enhance 
observational learning in the accuracy of recall of a closed motor task. 2) 
Observational learning techniques increase accuracy and performance in the 
recall of a motor task more than verbal instruction techniques do.
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A throa-factor m l««) deetgn w«. u x d . wllh between obaervattonal teaming 
and varbal Inetructlona technique». bdw am  high A low Imager» and within 
repeated measured trials The dependent variables were 1) Accuracy score 
In points - that la, 2 points lor each step currently recalled In the correct 
sequence, I point for each step recalled out ol the correct sequence, and 0 
point» lor step» not recalled This scoring gives equal weigh! to content and 
order ol recall In the event pure sequence errors were Infrequent 2) 
Performance time In seconds.
Subject!
Subjects were asked to complete Betts QM1 and forty were selected from a 
pool of 80 subjects based on their scores. The 20 subjects who scored the 
lowest rating were chosen to be the high imagers, and the 20 subjects who 
scored the highest rating were chosen to be the low imagers. The majority 
of the subjects were students drawn from across a range of departments in 
the University of Warwick. The remainder were members of the secretarial 
and technical staff of the University. Their ages ranged from 17 to 46 years 
old with a mean age of 25.6. They were divided into two groups of 20 
subjects in each learning technique, observational learning (OL) or verbal 
instruction (VI). Ten subjects of each sex were assigned to each of the two 
groups.
7t
Subject* within each group were divided according to their rating on the 
shortened form o f Belt* questionnaire upon mental imagery (QMI) A two- 
way (B B) analyaia of variance was carried out between OL vs VI and 
between high and low imagers on their QMI rating scores, and the results 
showed that there was a significant difference between the rating score for 
the Imagery groups |P(1 ,36)-73.78, p<0.01J. The high imagers rating scores 
showed that they have clearer and more vivid images than the low imagers 
Also the results showed that there was a significant difference between the 
two techniques in the subjects' QMI rating scores (P(l,36)-10.73, P<0 01] the 
subjects in the VI technique showed themselves to have clearer and more 
vivid images then the subjects in the OL technique. Table 4.a shows the 
mean; for more information, see Appendix 1.2. This means that imagery 
ability and learning technique are confounded In this experiment.
Table 4.a. Mean on  Betts' (QMI) rating scores for high and low imagers.
Imagery OL V I
(N -20) (N -20)
High (N-20) 84 1 6 8 6
Low (N-20) 1213 107.7
Modelling Stimuli and Apparttm
1) A paper folding teak (origami) was used, which consisted of 
13 consecutive movements to make a shape like a star with a 
21 x 21 cm. sheet of plain white paper (see Appendix 1.3).
2) Thirteen verbal instruction cards, each describing one of the 
crucial movement involved in the task mentioned above (see 
Appendix 1.4).
3) A wooden rack to hold the cards.
4) An electronic stop watch.
5) Three pictures (1) a square (2) a triangle and (3 ) a 
quadrilateral (with two 90° angles at the bottom of the shape 
and two unequal angles at the top of the shape).
6) Video camera.
7) Video-tape recorder.
8) Colour television.
9) Instruction sheet.
4.1.2. General procedures
The subjects were divided into two groups of 20, with 10 high and 10 low 
imagers in each group. Each group was assigned a different learning 
technique from observational learning to one, verbal instruction to the 
other. Each subject was tested individually by the experimenter. There
to
were four phases in Ihii experiment - learning phase, pre-test phase, 
relearning phase and performance phase. For each learning technique there 
was a different procedure:
übKTYtüttntl learning
The procedure for the learning phase for the observational learning group 
was to ask each subject to sit in front of a colour television screen (as shown 
in Figure 4.1a) and observe a demonstration of the task performed by a 
model on a video-tape cassette five times. Each demonstration lasted for 
about 90 seconds and there was a five second rest between each 
demonstration during which the video-tape cassette was rewound. When 
all the five demonstrations were finished the subject was asked to imitate 
the movements of the task once, as quickly and accurately as possible, and 
this was called the pre-test phase; the number of correctly Imitated 
movements of the task was recorded as the accuracy score, along with the 
performance time. The relearning phase followed in which , each subject 
was asked to observe once again the demonstration of the task in order to 
note any error they may have made. By now the subject had had six 
demonstrations and one performance trial. In the performance phase none 
of the subjects had any problem in performing the task correctly, so each of 
them was asked to imitate the movements of the task five more times, as 
quickly and accurately as possible (as shown in Figure 4.1b). By this time all 
the subjects had learned the task and therefore had perfect accuracy scores; 
only performance time in seconds was recorded using an electronic stop 
watch for each of the five recall trials. Subjects were videotaped throughout 
the performance trials to ensure accuracy in recording data.
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Vtrbti initructioni
The procedure for the learning phase for the verbal Instruction group was to 
ask each subject to sit fadng the experimenter and to place In front of him or 
her a wooden rack holding the verbal Instruction cards,upon which the 
steps of the task were described in the right order (see Pigure 4.2a). Each 
subject was asked to read all 13 Instructions aloud five times. Reading time 
was not to exceed 90 seconds, and there was a rest interval of 5 seconds 
between each trial during which the cards were sorted back into the right 
order. When all the five reading trials were finished, each subject in the 
pre-test phase was asked to execute the movements of the task once as 
quickly and accurately as possible. The relearning phase followed in which 
each subject was asked to read aloud once again the 13 verbal instructions. 
By now the subject had had six reading learning trials one performance trial. 
Therefore, in the performance phase none of the subjects had any problem 
in performing the task correctly, so each of them was asked to execute the 
movement of the task five more times, as quickly and accurately as possible 
(see Figure 4.2b). By this time all the subjects have learned the task and had 
almost perfect accuracy scores; only performance time in seconds was 
recorded using an electronic stop watch for each of the five recall trials. 
Subjects were also videotaped throughout performance trials to ensure 
accuracy in recording data.
F ig u re «  4 1a. 4 1b.  4 2a 4  4 2b
F igu re«  4 .1b  4 4.2b both refer to the l im e  photo (above), which «how« the enperimenter
seated m front of the «ub)ect while he it  performing the task
F ig u re  4 .1a  Obaervanonal leaning 
technique
F ig u re  4 .2 a . Veroai instruction
Sublreti w en  lmffucitd t i  follttw»;
Ipitruction» fur ubitrvitiuntl Itaming gum?
Learning phiic
"I want you to observe the full demonstration of a paper folding task five 
times .Try to memorize the movements because you will be asked to imitate 
all the movements that you have observed when all the five 
demonstrations are finished. OK?"
r a - if li phAK
"I want you to imitate the movements of the origami task you have 
observed as fast and accurately as possible just once".
"GO."
Relearning phase
"I want you to observe once again a full demonstration of the origami task. 
Observe carefully and note any error you may have made. OK?"
Performance phase
"I want you to imitate all the movements that you have been observing for 
five more trials, as fast and accurately as possible with 5 seconds rest 
between each trial."
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Initruciimu iur verbal lniiructtun group
"I want you to read the instructions aloud from these cards. After reading 
each card turn it over and read the next one, you have 1.5 minutes to read 
all 13 cards. I want you to go through these instructions 5 times, trying to 
memorize the steps, because you will be asked to execute all the movements 
described on the cards after you have finished. OK?"
Tre-tni p h iK
"1 want you to execute all the 13 movements described on each card for the 
origami task that you have been reading about, as fast and accurately as
"GO."
Relearning p h u t
1  want you to read all the 13 instructions aloud again one more time. Read 
carefully and note any error you may have made. OK?"
Performance phase
"I want you to execute all the 13 movements described on the cards that you 
have been reading for five more trials, as fast and accurately as possible, 
with 5 seconds rest between each trial”.
“GO".
ts
Uiing the Minitab program available on the Daisy computer, two anova 
were carried out between the observational learning vs verbal instruction, 
between imagery on the available sets of data, first a two-way anova (B.B) 
(2X2) on accuracy scores for the pre-test trial, second a three-way anova 
(B.B.W) (2X2X6) on performance time for the pre-test trial and each of the 
five performance trials.
Accuracy Korc
As stated earlier, an accuracy score was only recorded for the pre-test trial. 
The results showed that there were significant m ain effects between 
observational learning and verbal instruction (F(1,36)a6.11, p<0.05) and 
between high and low imagers[F(l,36)>9.39, P<0.01). the main finding was 
that subjects in the observational learning group performed the task with 
more accuracy than subjects in the verbal instruction group and this lent 
partial support to our second hypothesis that the observational learning 
technique makes for greater accuracy in the recall o f a motor task than 
verbal instruction. Inspection of the mean as shown in Table 4.b indicated 
that the high imagers recalled the movements more correctly than the low 
imagers.
lt*M
Table 4.b. Mean 4c standard deviation accuracy score« for all aubjecta
High Low
Group N Mean Sd. Mean Sd Total
OL 20 25.2 1.48 21.5 1.58 23.35
VI 20 21.8 1.99 22.4 1.27 22.1
A significant interaction was shown between observational learning and 
verbal instruction and high and low im agers(F(l,36)-18.7, p<0 01) This 
showed that the high imagers in the observational learning group 
performed the task with more correct movements than all the other 
imagers in the pre-test trial. This supported our first hypothesis, that 
imagery ability enhances observational learning in the accuracy of recall of a 
closed motor task. The graphs in figures 4.3 4c 4.4 show the differences 
clearly. (See also Appendix 1 3  for summary table of the two-way anova )
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1’trlormmci time
A three-way analysis of variance (BB  W) (2X2X6) was carried  out between 
observational learning va verbal Instruction, between Im agery and within 
six trials on performance time In seconds. The results showed that there 
were a significant main effects between trials (P(5,180)-118.7, P<0.01), 
between observational learning group and verbal instruction (F(l,36)*39.76, 
P<0 Oil and between high and low imagers [P(l,36)-4.15, P<0.05). The trials 
main effect indicated that subjects' performance time decreases from one 
trial to the next, overall. Inspection of the means as show n in Table 4.c 
indicated that the observational learning group performed the task faster 
than subjects in the verbal Instruction group, and th at high imagers 
performed the task faster then low Imagers. The graphs in  figures 4.5 Is 4.6 
shows these differences clearly, (See also appendix 1.6 for summary table of 
the three-way a nova.)
Table 4.C. Mean performance time in seconds for all subjects
Pre-test trial T1 T2 T3 T4 T5
High(N-lO) 69.13 63.88 54.67 51.77 51.63 47.74
OL M ean Tj-Ts -  58.96
LouKN-10) 79.56 66.58 57.21 57.95 54.58 52.84
High(N-lO) 123.19 77.01 64.15 58.70 52.83 5223
VI M ean T j-T j -  73.59
Low(N-10) 120.69 81.03 70.60 65.11 62.91 54.60
N -20 subjects in each learning technique 
N -20 subjects in each imagery group.
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(part I
The only significant interaction was between observational learning and 
verbal instruction techniques and the six trials (F(5,180)"28.2, P<0.01) There 
was a greater improvement in the verbal Instruction group through trials in 
perform ance time than the observational learning instruction group. 
Indeed the verbal instruction group improved by 23.84%. The interaction is 
shown on the graph in Figure 4.7 and in Appendix 1.6.
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Results showed that subjects In the observational learning technique group 
performed the task with better accuracy than subjects in the verbal 
instruction group in the pre-test trial. It might be that the information 
gained through visual stimuli is more detailed than that gained through 
verbal coding. Evidence for the effectiveness of the OL technique was 
indicated by the significant difference in accuracy scores shown in the graph
Moreover, the first hypothesis, that imagery ability could enhance OL in the 
recall of a closed motor task, was supported by the significant difference in 
accuracy between high and low imagers in the pre-test trial and performance 
time through the six performance trials. In the pre-test trial, as shown 
Figure 4.3, high imagers performed the task with more accuracy than low 
imagers. The accuracy interaction in the pre-test trial, between learning 
techniques and imagery group showed that high imagers in the OL 
technique performed the task significantly better than any other imagery 
group as shown in the Figure 4.4. From this result we might be able to 
assume that one of the factors that channel attention to the critical feature of 
a modelled performance is the ability to form an image.
Furthermore, in the case of performance time, the results indicated some 
support for the second hypothesis. Evidence for the effectiveness of the OL 
technique was indicated in the significant differences between subjects 
performance time in the OL & VI techniques. The subjects in the VI 
technique took longer time through all trials to perform the task than the 
subjects in the OL technique, as shown in the graph in Figure 4.5. More 
specifically the subjects may have experienced difficulty in transforming the 
detailed verbal codes into visual images in order to execute the movement 
and from this we might deduce support for Martens argument (1975) that
I p « "
"visual presentation is preferred over verbal instruction because language is 
unable to specify with precision, critical aspects of human movement." 
Moreover, from the difference in performance time, we could make the 
assumption that the subjects in the OL technique recalled and recognized 
the visual images of the movement of the motor task, then transformed 
these coded images into action, whereas subjects in the VI technique had 
first to recall and recognize the verbal codes of the task, then transform 
these codes into visual images and then into action production (Annett, 
1982). In addition to that, the subjects in the OL technique gained task­
relevant information from the modelled performance in the relearning 
phase which facilitated their performance of the task (Martens, Burwitz & 
Zuckerman, 1976).
The significant interaction in perform ance tim e between learning 
techniques and trials shows that subjects in the VI technique group became 
more expert through all trials than subjects in the OL technique group. As 
we assumed earlier that verbal codes are transformed Into visual/spatial 
images which take over after learning has been established , so it appears 
that subjects improved the speed of their perform ance using the 
transformed visual/spatial images though trials, as shown in the graph in 
Figure 4.7.
An improvement through trials was clearly visible for all the different 
techniques and imagery groups as shown in all the graphs. This 
corresponds with Crossman's (1959) study in which he noted that 
performance time decreases as the log linear function of the log trials. This 
evidence has been reviewed by Mazur & Has tie (1978) and Newell 4c 
Rosenbloom (1981).
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It was observed that all subjects In OL & VI had difficulty in recalling the 
movements of the task, specially in the pre-test trial. The explanation for 
the lack of recorded information for short-term storage acquired by the 
subjects in the VI technique group might be that steps 12 *  13 were not 
clearly explained thereby making it difficult for the subjects to encode and 
interpret them. More specifically the subjects may have experienced 
difficulty in transforming the presented verbal instructions into the 
visual/spatial images needed in order to recall the correct movements of 
the task, although that was clearly not the case here, because even the low 
imagers in the OL technique group experienced the same difficulty in 
recalling the movements o f the task in the pre-test trial. Apparently an 
action consisting of more than 10 moves is too far beyond the boundary of 
short-term memory. This is consistent with the findings of Miller (1956), 
who showed that the capacity of short-term memory is seven plus or minus 
two bits of information.
1 1 J .  Conduiipn
In summary, the findings o f the present study suggest that it would be 
correct to say that imagery ability enhances observational learning in a 
closed m otor task In the early stages of learning. Furthermore, 
observational learning gives shorter perform ance tim e through 
performance trials than verbal instruction techniques within short-term 
memory. However, long-term improvements In performance of a motor 
task learned by the verbal instruction technique tend to be more marked 
than in the case of a task learned by the observational learning technique. 
These results appear to support the notion that there is a relation between 
the verbal and motor processing systems, in that they communicate with 
each other using imagery as a mediator to convey information from one 
system to the other.
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Chapter 5
M O T O R  R EC A LL *  V E R B A L  R E C A LL U N D E R  L O N G -T E R M  
M E M O R Y  (LTM )
In 1982 Annett suggested that there ia a dissociation between verbal and 
perceptual motor competendee but that tranalation between the two la 
nevertheless possible via the action-language bridge described in Chapter 1. 
Not only is it possible for subjects to  follow verbal instructions in carrying 
out a task but, conversely, it is possible for subjects to provide explanations of 
how they have carried out actions with which they are familiar. In 1965 
An nett carried out a series of experiments by giving subjects instructions such 
as "tell me in as much detail as you can how you mount and ride away on a 
bicycle", "take two ends of string and tie them together to make a bow", and 
"perform a forward roll", and in their reactions he found unmistakable signs 
of Imaging behaviour. For Instance, the subjects' immediate response to such 
requests, was either to close th eir eyes or to look away from  the 
experimenter s face, and there was a tendency for them to make tentative 
movements, as in grasping handle bars or pieces of string. Annett concluded 
that overt performance is not critical to the production of an explanation, but 
when overt performance is inhibited imagery is absolutely essential to the 
production of a verbal explanation.
Assuming that all subjects in part 1 of this Experiment 1 have learned the 
origami task well and become familiar with how to perform it especially after 
all those performance practice trials, we arrive at the hypothesis that internal 
representations, or images, of actions are capable of activating their linguistic 
counterparts in explanations of how  to perform a motor task, bearing in 
mind that individual differences in imagery ability have some kind of effect
on both verbal and motor recall of the tame motor task under long-term 
recall.
The goal here was parallel to that of part 1, with the sam e motor task 
(origami) and the same two groups of subjects who had previously learned 
the task by the OL and VI techniques, except that In this part of the 
experiment we tested the effect of long-term verbal memory along with long­
term motor memory. The aim was to observe the accuracy o f recall and to 
note the number of errors that the subject made on recalling all the 13 
movements of the task, cither verbally or mPtPricaUy The experimental 
hypotheses were: 1) high imagers would recall the motor task better than low 
Imagers under long-term recall. 2) subjects who had learned the motor task by 
the OL technique would be able to recall the motor movements of the task 
better than those who had learned the task by the VI technique under long­
term recall; 3) subjects who had learned the task by the VI technique would 
recall the verbal description of the motor task better than those who had 
learned the task by the OL technique.
5.LL Method
Experimental design
A three-factor mixed design was used, with between (observational learning 
and verbal instruction) techniques, between (high fc low) imagers and within 
repeated measured trials. The dependent variables were: 1) accuracy scores in 
points, that is the same method of scoring was used on as in the first part of 
the experiment - 2 points for a correct movement recalled or a verbal step 
listed in the correct sequence, 1 point for a correct movement recalled or a
verbal step lifted not in the correct sequence, 0 point for any movement not 
recalled or step not listed, with a maximum scoring points of 26. 2) writing 
and performance time in seconds.
f e f a M l I M I
The sam e group of subjects in part 1 of the experiment were tested on long­
term memory 2 months later; only 26 of the original 40 subjects agreed to 
participate in the second part of the experiment. 14 of these subjects were 
from the VI and the remaining 12 subjects were from the OL group. The 
subjects within each group were divided according to their rating score an the 
shortened form of Betts' questionnaire upon mental imagery (QMD- All the 
original subjects were allocated to their original high or low imaging groups. 
A two-way (B.B.) analysis of variance was carried out between observational 
learning and verbal instruction and between high and low Imagers on their 
QMI rating scores, and the results showed that there was a significant 
difference between the rating scores for the imagery groups (P(1,22)-42.88, 
P<0.01J. The high imagers rating scores showed that they have clearer and 
more vivid images than the low imagers. However, no significant difference 
was shown between the two groups in each of the learning techniques. Table 
5.a shows the mean and the standard deviation, (for more information see 
Appendix 2.1)
Table &a. The mean 6  standard deviation on Betts (QMI) rating scores for 
high and low imagers
too
Apparatus
1) An electronic slop watch.
2) Video camera
3) Video-tape recorder
4) Colour television.
5) Instruction sheet.
4) A sheet o f plain white paper upon which to record the verbal steps 
7) A diagram as in Figure 5.1 was drawn of the star folding task 
show ing the hierarchical structure of routes expressed in 
corresponding verbal statements written down,. This figure was 
used to analyse the accuracy of the steps of the origami task recalled 
verbally by all subjects.
EnpafMnl I Pm  2
3.1.2- Procedure«
The subjects in the OL and VI groups were divided at random into two sub­
groups once again, regardless of their imagery ability. There were six subjects 
in each sub-group in the OL group and 7 subjects in each sub-group in the VI 
group The first sub-group of each group was tested on long-term verbal 
memory (LTVM), followed by long-term motor memory (LTMM), whilst 
subjects in the second sub-group were tested on long-term motor memory 
(LTMM), followed by long-term verbal memory (LTVM). Each subject was 
asked to sit at a desk, and try to recall the movements of the origami task that 
they had learned two months ago on a sheet of plain white paper measuring 
21 x 21 cm. An electronic stop watch was placed by the right-hand of the 
experimenter and so that its face could only be seen by him. All the subjects' 
movements were video-taped by the experimenter. Instructions for the OL
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*nd the VI groups were the u m i but the two sub-groups received different 
instruction thus:
Subjects were instructed u  follows:
Instruction for LTVM ♦ LTMM 
Lone-term verbal memory (LTVM)
"I want you to recall how you fold the paper in front of you to make a star 
You are not required to touch it but )ust write down the steps in the correct 
order on the second piece of paper Take your time, and tell me when you 
have finished." (If the subject answers MNO I cannot remember", the reply 
will be "Go ahead and write as much as you can remember").
"GO"
(The time the subjects took to write down the steps was measured in seconds 
by the experimenter)
Long-term motor memory (LTMM)
"Now I want you to take the piece of paper and fold it into a star, as fast and 
accurately as possible. If you cannot remember Just do the best you can and 
tell me when you have finished."
"GO"
(The movements of each subject were video-taped and the performance time 
measured by the experimenter).
Subject! were instructed as follows:
Ini traction for LTMM t  LTVM
long-term motor memory CLTMM);
"I want you to recall how you folded the square piece of paper in front of you 
to make a star. Now make a star, as fast and accurately as possible, and tell me 
when you have finished. (If the subject answers "NO, I cannot remember”, 
the reply will be "Go ahead and do as much as you can remember").
"GO"
(The subject's movements were video-taped by the experimenter, who also 
measured the performance time).
Long-term verbal memory (LTVM):
"I want you to write down all the steps you took in making a star in the 
correct order, take your time. If you cannot still remember Just do the best 
you can and tell me when you have finished”.
"GO"
(The time the subjects took to write down the steps was measured in seconds 
by the experimenter)
itH
Th« movements of each subject were video-taped, then judged and analysed 
by the experimenter. The hierarchical structure of routes as shown in the 
diagram in Figure 3.1 was used to score each verbal step listed by each 
individual subject.
Upanaiani I Parti
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3.1.3. R r a u lta
Using the same mini tab program available on the Dalay computer that was 
used previously to analyse the data in part 1, a three-way anova (B.B.W.) 
(2X2X2) was carried out on each of the two sets of data: 1) accuracy scores; 2) 
performance time in seconds for each trial.
Accuracy K aro
The results showed that there was a significant main effects between trials 
IF<1,22)-11.92, PcO.Oll, this main effect indicated that subjects find it easier to 
recall the motor movements they have learned In performing a task than to 
give verbal descriptions of the movement of the same task from long-term 
recall. Inspection of the means in Table 5.b and the graph in Figure 5.2 shows 
this difference clearly. No other difference or interaction was shown to be 
significant. (See Appendix 2.2 for a summary table of the three-way anova.)
Table S.b. Mean accuracy scores for all subjects.
Hljff
N -  n um b er o f  aubterts in  e a c h  Im agery group  
V -acc* V erbal recall ac cu ra cy  a co rn .
M a r r -  M otor recall a c cu ra cy  arom a
I K

Fttriormincg time
The tam« three-way analysis of variance (B.B.W ) (2X2X2) was carried out 
between observational learning vs verbal Instruction, between imagery 
groups, within performance time for writing the verbal steps or performing 
the movements. The results showed that there was a significant difference 
between the time taken to write the verbal descriptions and the time taken to 
actually perform the same task (F(l,22)"15.71, P<0.01]. Inspection of the 
means in Table 3.c and the graph in Figure 5.3 shows this difference clearly. 
No other difference or Interaction was shown to be significant. (See 
Appendix 2.3 for summary table of the three-way anova.)
Table 5.c. Mean accuracy scores for all subjects.
O L V I
P-Mm -------- N-------W -tlm e
H l( i  r "  ‘  6
Low  6
168.99
163.72
---------
13120  7  18362
3841
9 4 3 1
N -  n u m b er o f  tubacela in each Im agery group . 
W  ttm e -  W ritin g  tim e 
P - t im e -  P e rfo rm an ce  tim e.
mm

I Pvl I
In verbal recall using the diagram in Figure 3.1 of the hierarchical structure 
of routes through the corresponding verbal statements written down, various 
kinds of errors were observed thus:
a) Omissions: e g. sometimes subjects forget the second half of a 
step to open the sheet after folding it, for instance, or to tum it 
over.
b) Reversals: e.g. 'top right' for 'bottom left'.
c) Intrusions: e g step (1) was sometimes repeated across the other 
diagonal.
d) Condensation: e.g. a sequence of steps to m ake a square was 
condensed into a single statement such as 'fold the comers to the 
middle'.
The number and type of those errors in relation to the subjects original 
learning technique are shown In the Table 5.d. However O L condensation 
Errors are not in fact errors.
Table S.d. The number & type of errors for all subjects.
T y p eeT flr ra r  3 L  V i
O m iss io n  6 11
R e v ersa ls  3  5
Intrusions 4 2
C on d en sa tio n  K) 8
no
Results have not aupported any of the hypotheses in thta experiment. 
Therefore, it aeema, that the initial learning technique haa no aignificant 
effect on the recollection of a motor taak after a long interval. However, the 
aignificant differencea between accuracy and performance time after a long 
interval ahowed that the verbal and motor information are proceaaed from 
two different ayatema. This aupporta one of Annett'a (1982) aaaumptiona that 
there are two independent ayatema, one which ia concerned with perception 
and production of actiona, and another which ia concerned with perception 
and production of language. Moreover, the résulta ahowed that imagery was 
no longer relevant to either accuracy or performance in recalling the origami 
taak in long-term memory. This provides further aupport for the conclusion 
of Part 1, that imagery ability enhances observational learning in the early 
stage of reproduction.
Chapter é
THE EFFECT OF DEMONSTRATION CONTENT AND IMAGERY ABILITY
ON IMITATING A CLOSED MOTOR TASK
The results of the previous experiments showed that Imagery ability 
enhances observational learning (OL) of a closed motor task (e g. origami), in 
the early stage of reproduction, and further that observational learning (OL) 
gives shorter performance time through trials than verbal Instruction (VI), 
within short-term memory It is still not clear however, what type of 
information learners store within their short-term memory
Bandura's social learning theory (1971, 1977, 1906) on observational learning 
is understood as a multi-factor theory containing (1) attentional processes (2) 
representational processes (3) motor reproduction processes,and (4) 
motivational processes (Guidelines like these provide us with a general 
model of the important considerations in any learning conditions). The 
work of Lasher (1981), on the cognitive representation of an event involving 
human motion, demonstrated that the coherence of an event depends upon 
the perceived intention of the person in m otion. Her method of 
investigation was based on presenting some selected stills from a sequence of 
filmed motions performed by a ballet-dancer to a group of subjects. Subjects 
were shown filmed sequences of a real dancer, followed by still pictures, in a 
recognition memory paradigm, with reaction time and error as dependent 
variables. Four types of picture were generated by the dancer's performance 
type 1, preparatory-completing type 2, completing-preparatory type 3, 
reversal, completing-preparatory; type 4, reversal, preparatory-completing. 
She hypothesized that "when the intention is perceived as completed, that 
segment of motion is encoded as a coherent event". One of her interesting 
findings was that in the case of continuing locomotion without contour
i l l
motion, such as gliding along on ice, no further energy is being expended. 
The gliding motion itself represents the fulfilment of an Intention, and the 
event can be encoded as completed.
Our main concern in this research will be to continue to focus on the effect 
of imagery ability on the recalling of a motor task, concentrating on the first 
process o f Bandura's social learning theory (1971, 1977, 1986) and to 
investigate the second aspect the importance of the information contained 
in the demonstration, and using a similar method of investigation as Lasher 
(1981), w e will choose two types of still from a filmed model of a motor task, 
and will ask  the subjects to imitate the movements of the motor task in 
order to arrive at some sort of coherent relationship between imagery ability 
and imitation.
This original new approach of Lasher's in using the still pictures of a filmed 
model in her experiment as a visual stimuli, gave us the idea of presenting 
still p ictures of a modelled motor task with different configuration of 
positions in  order to test whether the information contained in the 
demonstration is as important as Bandura (1971, 1977, 1986) suggested in the 
second part of his social learning theory. W e assume that certain items are 
easier to encode if they reveal the demonstrator's intention.
The more meaningful and available the image, the better the performance. 
The im p ortan ce  of meaningfulness in the cognitive processes in 
observational learning has been shown by Bandura & Jeffery (1973) and 
Bandura, Jeffery & Bachich (1974). M oreover, how movements are 
rem em bered depends on the m eaningfulness of the movement. A 
movement can be considered meaningful to an individual if that person can 
readily re late  the movement to something already known. For example, a 
i l l
movement that forma the shape of a triangle la considered more meaningful 
than one that makes an unfamiliar, abstract pattern. Hall has investigated 
the influence of meaningfulness on memory In a study described in Chapter 
2. His results and those of others suggest that the more meaningful a 
movement is to a person, the more easily he/she will be able to remember 
that movement. Based on that, in this study we have introduced the non- 
meaningful motor task.
With all this in mind, this study seeks to investigate the recall of a sequential 
motor task after an observed dem onstration, concentrating on the 
reproduction of pattern but com paring pattern recall with the type of 
information contained In each demonstration. In order to differentiate 
between the use of high and low imagery ability In imitation
6.1. Eipcrlmcnt 11
This experiment, sets out to determ ine which type of code or codes the 
observer m aintains from a dem onstrated motor task, and whether 
immediate reproduction of these codes may be related to imagery ability 
The experimental hypotheses w ere 1) high imagers would be influenced 
more by the meaningful or nonmeaningful nature of the information in 
recalling a motor task than low im agers 2) high imagers would benefit 
more from discerning the intention in making a movement than low 
imagers.
Experimental dwlgn
A four-factor mixed design was used, with between (high and low) imager», 
between (arbitrary and end result) stills, within (m eaningful vs non- 
meaningful) and within five repeated trials. The dependent variables were
1) the accuracy scores and 2) performance time in seconds. Subject* were 
divided into two groups each of which had a different type of demonstration 
thus: Group (Er) observed a demonstration containing only the stills of the 
end results of the thirteen crucial movements of the motor task. Group (Ar) 
observed a demonstration containing an arbitrary selection of stills - that is, 
one from the middle o f each of the thirteen crucial movements o f the motor 
task.
Subjects
The shortened form of Betts’ questionnaire upon mental imagery (QMI) was 
administered to 84 subjects; only 62 subjects participated in the experiment by 
filling in the questionnaire, and on the basis of their rating scores on the 
(QMI), 20 subjects from among the very high imagers, and 20 subjects from 
among the very low imagers were selected. The majority o f the subjects 
were students drawn from different departments at the University of 
Warwick and from Coventry Technical College. Their ages ranged from 17 
to 42 with a mean age of 24.83. An equal number of both m ale and female 
subjects participated in the experiment.
Subjects within each of the two groups were divided according to  their rating 
score on the shortened form of Betts' questionnaire upon m ental imagery
I l f
(QM1). A two-way (B B.) (2X2) analysis of variance was carried out between 
the high and low imagers on their (QM1) rating scores, and the results 
showed that there is a significant difference between the rating score for the 
imagery group [F(l,36)-70.76, P<0.01). The high imagers rating scores showed 
that they have clearer and more vivid images then the low imagers. Table 
(6.a) shows the mean , also for more information see Appendix (3.1).
Table 6.a. The mean for high and low imagers' rating scores on Betts (QMI)
Im agery C ro u p  (B r) C ro u p  (A r)
H igh N - 1 0  7 9 3  N - 1 C  8 1 3
Low N - 1 0  1 1 1 7  N - 1 0  107.9
The csctrimcnul ink»
Two origami tasks have been used, a) A meaningful origami task was set 
consisting of 13 consecutive movements designed to form a rabbit shape on a 
21X21 cm. piece of plain yellow paper, as shown in Figures 6.1a 8c 6.1b. b) A 
non-meaningful origami task was also used consisting of the same number 
of consecutive movements but without having a meaningful shape as the
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Mitwliia and agparttu*.
1) Camera : 33 mm. S L R. with power winder (approximately 2
frames/second).
2) Lens : 30 mm. macro.
3) Film : Fuji RHP 133-36
4) Light : 2X1000 w tungsten halogen with dichroic filters (one to give
direct illumination, one to give diffuse fill in reflector).
5) Ad m3 computer terminal.
6) RT80 lab computer and 8" disk drive.
7) Tape sync unit (Edrimadc).
8) 2-Khz Oscillator.
9) 2 Kodak SAV2000 projectors
10) 1 Cassette tape recorder.
11) 8 Kodak carousels
12) One wooden cabinet with two adjustable shelves to hold the 2
Kodak sav2000 projectors.
13) Sony video camera.
14) Video-tape recorder (VHS).
15) Colour television.
16) 21X21 cm. plain yellow pieces of paper.
17) An electronic stop watch.
18) Instructional sheets.
In order to insure that the two origami tasks presented the subjects with 
different stills positions, the movements of the two tasks as being 
demonstrated by the experimenter were photographed by a professional 
photographer using a 35 mm. camera with power w inder (a rate of 
approximately 2 frames per second) with exposure 1/125 S f8. In order to 
ensure accuracy of the task performance, the experimenter himself had 
previously practised the two tasks. The two tasks were performed on a navy
blue piece of d oth  using a bright yellow piece of paper, and a 2X1000 w 
Tungsten halogen with daylight filter to ensure clarity of shadows and edges 
of the shapes.
An RT180 lab computer was used and an Adm5 terminal with two basic 
programs on an 8H disk drive (taking into consideration the mean average 
for the performance time for the two origami tasks) controlled the timing on 
the tape sync unit (Edrimatic) while operating two Kodak SAV2000 
projectors to eliminate the dark frames that occur between each slide. To 
minimize the noise, the two projectors were positioned in a wooden cabinet 
with two adjustable shelves to line up the two projectors screens on top of 
each other. The experiment set up is shown in figure 6.3 a and b.
6,LI. Gtntrtl preadurt
The procedure for the two groups was the same. Each subject was tested 
individually by the experimenter. The experiment Involved three different 
phases: a learning phase, a recall phase and a relearning phase. The subject 
was asked to sit facing a projector screen and to observe one demonstration 
of the task as shown in the diagram and photos in Figure 6.3a and 6.3b. The 
subject was then asked to turn the chair around, and on the piece of paper in 
front of him, he was asked to recall the movements of the task Just shown, 
as fast and accurately as possible, Just once. The recall of movements was 
video-taped by the experimenter, along with performance time. The subject 
was then asked to repeat the observation and reproduction of both origami 
tasks 5 times, even when the subject achieved the correct movement pattern 
on the first trial. Each group as we mentioned earlier was asked to observe a 
different type of demonstration.


Two sett of thirteen iflU picture« were «elected from 95 which covered the 
entire te«k. Those chosen to Illustrate end results were those which showed 
the position of the hands and paper at the end of each of the thirteen folds. 
The "arbitrary" selection was made from shots roughly midway between 
folds. The model took 71.41 sec. to perform the task. Pigure 6 .3c 4i 6.3d 
shows the distribution of the selected stills pictures for the Er 4k Ar groups 
and the diagram of the Rabbit task in the form of a hierarchical struture
Group (Er)
Ten subjects observed a demonstration showing stills of the end results of 
the 13 crucial movements of the meaningful origami task, and then were 
shown stills of the ends results of the 13 crucial movements o f the non- 
meaningful origami task. The other ten sub)ects observed a demonstration 
showing stills of the end results of the 13 crucial movements o f the non- 
meaningful origami task followed and then were shown stills o f the end 
results of the 13 crucial movements of the meaningful origami task
Group (Ar)
Ten subjects observed a demonstration showing 13 stills selected arbitrarily 
from each of the 13 movements of the meaningful origami task and then 
were shown 13 stills selected arbitrarily from each of the 13 movements of 
the non-meaningful origami task. The other ten subjects observed a 
demonstration showing 13 stills selected arbitrarily from each o f the 13 
movements of the non-meaningful origami task and then were shown13 
stills selected arbitrarily from each of the 13 movements of the meaningful 
origami task
The length of the time for each still to be presented was controlled by one of 
the basic programs on the 8" disk drive; the average time for the model to
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Learning (phase)
"I want you to observe the full demonstration of the paper folding task. Try 
to memorize the movements because you will be asked to imitate all the 
movements that you have observed when the demonstration is finished.
OK?"
"I want you to imitate the movements of the origami task that you have 
observed, as fast and accurately as possible, for only one trial."
"GO."
The subjects were asked to start a video timer as soon as the experimenter 
left the room, to ensure that the subject did not have time mentally to 
practice the task, and also to control the starting and ending positions for 
each trial.
Relearning ighaieJ
"I want you to observe again, one more time, a full demonstration of the 
origami task. Observe carefully and note any error you may have made."
"GO."
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The tame instruction as in the first recall, and this will continue for five 
trials.
6 .L3 . Results
The tame method of scoring was used In this experiment as in the previous 
experiment: 2 points for each correct step in the correct sequence, 1 point for 
each correct step not in the correct sequence, 0 point for any step not recalled, 
with a maximum accuracy score of 26.
Using the Data Management program available on the A ms trad 1512, a four­
way anova (B.B.W.W) (2X2X2X5) between Er A Ar groups, between high and 
low imagers, within meaningful and non-meaningful tasks and within five 
trials, was carried out on each of the two sets of data. 1) Accuracy scores. 2) 
Performance time for each of the five trials.
A m iricy K o rn
The results showed that there was a significant main effects between trials 
[P(4,144)-167.97, P<0.01], between high and low imagers [F(1,36)-6 .83, p<o.oi) 
and between the m eaningful and non-m eaningful m otor tasks 
(F(l,36)-452.53, P<0.01|. The trials main effect indicated that subjects 
improved in accuracy through trials. Inspection of the mean as shown in 
Table 6.b indicates that the high imagers recalled more correct movements 
than the low imagers, which replicates the results of the previous 
experiment, that imagery ability enhances the accuracy of recall of the 
origami task. The meaningful and non-meaningful main effect showed that
12»
the meaningful motor ta>k it recalled better than non-meaningful task. No 
other differences were significant. The graphs in Figures 6.4 and 6.5 show« 
these differences clearly, (also see Appendix 3.2 for summary table of the 
four-way anova)
Table 6.b. Mean accuracy scores for all subjects
aocl a d aoc4 se r f
M 12 9 202 2 3 6 2 3 4 264) Htpih (Er)
C ro u p  (E r) M ea n - 1303
N M 3.4 7 4 S J 104) 1 0 6
C ro u p  (A r)
M 1 1 7 1*4) 22.2 264) 264) H igh (Ar) 
M ean - 1468
N M 5.7 7 4 8 6 9 4 1 0 4
C ro u p  (E r)
* 6 r ~ i d . » ' 194) 20.9 —  -2 3 7 ” ' 264) Low (Er) 
M ea n - 13 22
N M 44 3 4 74 8 4 9 4
Low
C ro u p  (A r)
M 9 7 1 5 7 1 7 7
7 4
2 2 4 264) Low  (Ar) 
M ea n - 12.42
N M 4 6 6.1 4 7 94)
M -  M ean ingfu l ta sk  
N M - N o n -m ea n in g fu l task.


l i p a l M l  II
A aignificant interaction was apparent between the type of teak and the 
repeated measured triala IF(4,144)-34.13, P<0.01), ahowing that the autyecta 
improved in accuracy through the five triala while recalling the meaningful 
taak better than the non-meaningful taak. The graph in Figure 6.6 ahowa thla 
improvement No other interaction waa ahown to be aigniflcant. For more 
information, ace Appendix 3.2.
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f  trionnana Um«
The M in «  four-way analysis of variance (B B W W ) (2X2X2X5) was carried 
out on performsne« dm« in seconds. The results showed that there were a 
significant main effects between trials (P(4,144M 2.57, P<0.01) and between 
meaningful and non-meanlngful tasks [P(1,36)o44.44, PcO.OlJ. The trials 
main effect Indicated that subjects' performance time increases from one 
trial to the next overall. This was probably because the amount recalled was 
increasing, and so time is hard to interpret. Inspection of the means as 
shown in Table 6.c Indicated that the meaningful task took longer to perform 
than the non-meanlngful task. This difference is show n in the graph In 
Plgure 6.7. For more information See Appendix 33 .
T able 6.C . Mean performance time in seconds for all subjects.
n T2 I S IB I S
M 7? jm 89 69 *1 .7 2 90.61 83 94 H igh (B r)
Group (Br)
N M 45.74 61.73 S 6 J 1 6 7  03 65  18
M e n -  72.54
High
M 76.23 8 6  34 93.64 88  46 79 AS H ig h  (A r)
G rou p (A r)
N M 34.23 60 .33 63  39 61 -21 37  A3
M e a n - 7 2 5
M 693« 81.13 84 A3 93  08 90  96 Low  (Br)
Group (Br)
NM 3 3 6 3 66.21 8 7 0 2 102.01 87 .74
M e a n - 8 2 0 0
Low
M 73.52 9 0 3 2 89  32 84  03 89 .60 Low (A r)
C roup (A r)
N M 4 * 7 6 61 .*1 6 2 3 * 6 0 .5 8 37 M
M a a n - 71 J 9
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The only significant Interaction was between the Br ft Ar groups and the five 
repeated trials |P(4,H4)-3 25. P<0.01). There was a greater Improvement In 
the Ar group through trials in performance time than the Er group. Indeed 
the Ar group Improved by 22.37*. The interaction is shown in Figure 6.8 
and Appendix 3.3. No other Interaction was shown to be significant in the 
anova.
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In addition to these results it was observed that some sub)ects tend to 
achieve their perfect performance of the meaningful task in fewer trials than 
others. A two-way (B.B.) (2X2) a nova was carried out between high and low 
imagers and between Er & Ar groups on the number of trials a subject 
needed to perform the task correctly. T h e results showed that there was a 
significant difference between high and low  imagers (F(l,36)«6.01, P<0.01] the 
high imagers achieved correct imitation o f the task in fewer trials than the 
low imagers, as shown in the graph in Figure 6.9. Table 6.d shows the mean 
and the standard deviation for all subjects. For more information, see 
Appendix 3.4 for a summary of the two-way anova.
Table 6.d Mean 4t standard deviation of the number of trlala for all subjects.
ünâfary <5«mp7Âri~
Mean Sd. Mean Sd.
h * .............. « — ¥ .................... j ........................ n r w w u ...................qm
Low N - K) 34 143 N-10 4.1 0J8
The results indicated partial support o f the hypothesis that high imagers 
would benefit more from the meaningful and non-meaningful information 
in recalling of a motor task than low imagers. Evidence for the effectiveness 
of imagery was shown by the significant differences in accuracy of recall 
between high and low imagers through trials as shown in the graph in 
Figure 6.4. Despite this supportive result, the interactions between imagery 
and other variables in this study were not significant and therefore, we are 
still not clear what is its functional value in recalling a motor skill. It appears 
that the use of imagery enhances accuracy of recall of a motor task and may 
not interfere with the speed of performance.
Moreover, the significant differences in accuracy and performance speed of 
recalling between the meaningful and non-meaningful tasks indicated that 
the subjects were more intent upon goal achievement than trying to 
remember each still as presented. More support for this notion was given by 
the improvement in accuracy and performance through trials 1-5 (See Figure 
6.6) for the meaningful task than the non-meaningful. It appears that the 
degree of meaningfulness of the information in a demonstration affects 
subsequent accuracy and performance.
The second hypothesis, that high imagers would benefit m ore from 
observing the purpose of a movement than low imagers was not supported. 
However, in trials 1-5, as shown in the graph in Figure 6.8, the (A r) group 
improved significantly more in speed of performance than the (Er) group. It 
appears that what is being coded from the model demonstration is the 
purpose of the movement. For the second time in this study it has been 
shown that goal achievement was being coded.
The differences in the number of reproduction trials between high and low 
imagers as shown in the graph in Figure 6.9, indicated that high imagers 
established a perfect performance of the origami task in fewer trials than the 
low imagers. It appears that imagery helped the subjects to arrive at a more 
organized format for the motor task.
6.L5. Condminn
It can be concluded that accuracy of recall is related to the meaningfulness of 
the information encoded in memory, and that the more accurate the recall of
movement the longer It lake« to execute It. However the demonstration 
method of presenting one atlll at a time to the observer succeeded in 
showing that learning was a matter of establishing goals and not simply the 
remembering of each movement as presented Images for the result of each 
crucial movement of the origami task appear to facilitate improvement In 
performance time.
Chapter 7
T H E  E F F E C T  O F  I M A G E R Y  A B I L I T Y  A N D  T H E  
A M O U N T  OP I N F O R M A T I O N  I N A 
D E M O N S T R A T I O N  ON L E A R N I N G  A M O T O R  T A S K
From the previously described work it would be correct to conclude that 
imagery ability enhances observational learning of a closed motor task i.e 
origami in the early stage o f reproduction. This conclusion was drawn from 
the first experiment Chapter 4. The improvement in accuracy scores In the 
pre-test phase (when the subjects were asked to im itate the same 
movements, after observing a full demonstration on a video-tape recorder, 
five tim es with 5 seconds rest between each demonstration) showed a 
significant difference between high and low imagers in the early stage of 
learning, with the high imagers reproducing the movements of the origami 
task m ore accurately than the low Imagers.
However, the results from Part 2 of the same experiment, which was to re­
tested the same group of subjects on long-term memory recall, have shown 
that the difference between high and low imagers was no longer discernible 
after an interval of 2 months and that high and low imagers recalled the 
motor task with no significant difference in accuracy.
The second experiment on the effects of demonstration content on imagery 
ability when imitating a m otor task was designed to look more closely at 
what type of information contained in the demonstrations most readily 
encoded in the subject's memory, and what part is played by imagery ability 
in decoding it when the subject is asked to imitate the movements. The 
results o f  the second experiment have shown once again that the high 
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imager« imitated the origami taak with fewer error« than the low imager« 
but did not «how any interaction between imagery «core« and any other 
variables in the experiment. The experiment showed that individual 
differences in imagery ability affect the accuracy of imitation but does not 
give us any idea what type o f information is being encoded and then 
decoded.
One might expect that from the demonstration of differences in meaningful 
and non-meaningful origami tasks in the second experiment the high 
imagers would have benefited more, but that was not the case. It seems that 
all the subjects imitated the task with the same accuracy. Before we start 
discussing the following experiment we have to mention that we carried 
out a pilot study for Experiment 2, where four groups of subjects were tested 
on imitating the origami task after observing four types of demonstrations, 
and the results were as follows:
1) The first group of subjects was asked to observe a demonstration of the 
motor task presented to them on a slide-projector. All 95 stills of the task 
after being photographed w ere shown and then the group was asked to 
reproduce the same movements.
2) The second group of subjects was asked to observe a full demonstration of 
the same task and after seeing half of the stills that had been photographed 
(selected on an alternate basis from the total number) to imitate the same 
movements.
3) The third group of subjects was asked to observe a full demonstration of 
the same motor task but was only shown the stills of the end results of the 
13 crucial movements of the task(13.68% of the total number of the stills) 
before being asked to imitate the same movements of the motor task. The
still* of the end results (F.R), consisted of the still (frame) of the final 
outcome of each fold of the origami paper
4) The fourth group of subjects was asked to observe a full demonstration of 
the same motor task showing only an arbitrary selection of stills, one from 
the middle of each of the 13 crudal movements of the task(13.68* of the 
total number of the stills), and then imitate the same movements of the 
task. The stills were selected from the middle point of the 13 crucial folds, 
showing the model on the point of performing the next movement The 
results of the pilot study showed a non-significant difference between the 
four groups, whether they observedlOO%, 5 0« , 13.68* (Er) or 13.68« (Ar) of 
the total number of stills (P(3,12)-1.84). One might expect that if one further 
reduced the amount of information in a demonstration to below 13.68«, 
then the high imagers would benefit more from their ability to form images 
in recalling the task than low imagers.
Demonstration is the best known method of training a human to perform a 
perceptual motor task. However, one might ask which type of training 
would be more effective - repetitive demonstration or successive repetitions 
of a modelled sequence. Cook (1937) it  Pouts (1970) have shown that 
learning is enhanced by repetitive demonstration. Previous to that 
McGuire (1961) had investigated the number of immediate, successive 
repetitions of a modelled sequence most effective in learning and found 
that performance can be enhanced by two or more repetitions. His 
conclusion was that the benefit of these repetitive demonstrations may be 
increased by distributing repetitions over a period of time rather than 
showing them in immediate succession.
Landers (1979) investigated the effect of temporal spadng of demonstrations 
and audience presence on  learning a gymnastic skill. The motor task used 
in the study Involved clim bing the free-standing balance ladder, described 
by Bachman (1961). Subjects were 180 girls ranging in age from 11 to 13 years 
old. The observer view ed a demonstration of the task either before 
performing, or both before performing and midway through, the learning 
trial, or only midway through the learning trial. The results showed that 
the observers view ing the demonstration both prior to, and midway 
through, the learning trial performed the task better than all other groups.
Following these findings, one might expect that training using the 
technique of active learning (showing the observer a number of separate 
demonstrations of the task, each followed by a performance trial) would 
result in better accuracy and performance than using the technique of 
passive learning, (show ing the observer repetitive demonstrations leading 
to a single performance o f the motor task).
As mentioned earlier .n Chapter 2 observational learning is enhanced by 
factors that channel attention to critical features of the modelled 
performance (Lum sdaine, 1962; Minas, 1980; Yus sen, 1974). Additional 
support for this issue has emerged from the results of the pilot study of 
experiment II, mentioned in the beginning of this chapter. Moreover, the 
results from experiment II itself show that one can perform a motor task 
after only observing the crucial movements.
7.1. Experiment 111
In this respect, one could hypothesize that the more information available 
in the demonstration the less will imitation be affected by imagery ability.
With minimal Information from tha modal, subjects with high imagary 
ability will laam  more affactivaly than thoaa low on imagary ability. To 
support this hypothaais wa naad to aat up an experiment to teat a group of 
subjects on accuracy and performance of a motor taak. Tha experimental 
hypotheaea were 1) That active learning technique ia superior to passive 
learning in accuracy and performance of recalling tha origami task. 2) High 
imagers would benefit more from m inim al information contained in a 
modal demonstration than low imagers. 3) T h e more information available 
from a modelled demonstration of a motor task the better tha accuracy and 
performance in recalling tha taak.
7.LL Method
Experimental dctlgi
A four-factor mixed design was used, with between (active and passive) 
learning groups, between (high I k low) im agers, between (13, 0, I k 4) stills 
presented , and within five repeated m easured trials. The dependent 
variables were 1) the accuracy scores and 2) the performance time in 
seconds. There were six different conditions, the three active learning 
groups which had 13, 8 and 4 stills presented to them were called conditions 
1, 2 I k 3 respectively, and the three passive learning groups which also had 
13, 8  and 4 stills presented to them w ere called conditions 4, 5 I k 6 
respectively.
The subject« were 30 male and 30 female paid volunteers from among 
undergraduate and graduate students at the University of W arwick, and 
students from Coventry Technical College. The 60 subjects were selected 
from a pool of 105 who rated themselves on Betts (QMI). The selection was 
based on their imagery rating scores, that is, the highest thirty and the 
lowest thirty. Their ages ranged between 17-45 years, with a mean average 
of 25.5. Five subjects of each sex were randomly assigned to each of the six 
treatment conditions.
Subjects within each of the six treatment conditions were divided according 
to their rating score on the shortened form of Betts' questionnaire upon 
mental Imagery (QMI). A two-way (B.B.) analysis of variance was carried out 
between active and passive groups and between the high and low imagers 
on their (QMI) rating scores, and the results showed that there Is a 
significant difference between the rating scores for the imagery groups [ F 
(13) ■ 33.06 , p < 0.01). The high imagers rating scores showed that they have 
clearer and more vivid images than the low imagers. Table 7.a show s the 
mean for all subjects. (For more information see Appendix 4.1.)
Modililni Stimuli ind Agptriim
The «am* photo slides of the rabbit origami task ware used from 
Experiment II Figure 6.1, which showed the stills for the end results of 
the 13 crudal movements of the task. In addition the following 
materials were used -
1) Tape sync unit (Edrimadc).
2) 2*Kh2 Oscillator
3) 2 Kodak SAV2000 projectors
4) 1 Cassette tape recorder.
5) 8 Kodak carousels.
6) One wooden cabinet with two adjustable shelves to hold the 2 
Kodak sav2000 projectors.
7) Sony video camera.
8) Video-tape recorder (VHS).
9) Colour television.
10) 21X21 cm. plain yellow pieces of paper.
11) An electronic stopwatch.
12) Instructional sheets.
13) Adm5 computer terminal.
14) RT180 lab computer and "8" disk drive.
The RT180 lab computer and Adm5 terminal were used with two basic 
programs on an 8** disk drive (taking into consideration the length of time to 
perform the origami task of 72.41 sec.) to control the timing on the tape sync 
unit (Edrimatic) while operating two Kodak SAV2000 projectors to eliminate 
the dark black frames that occur between each slide. To minimize the noise
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the two projector« were positioned in a wooden cabinet with two adjustable 
shelves to line up with the two projector screens on top of each other.
7.L2. Genual procedure
The subjects were divided into two groups of 30. Each group received a 
different method o f observational learning, passive or active. Each 
successive set of ten subjects within each group observed a demonstration of 
the task with less information contained in each demonstration than the 
previous group. The first ten subjects observed a full demonstration 
containing 13 stills from the total number of the 95 stills for the task. These 
13 stills showed the end results of the crucial movements needed in order to 
perform  the origami task as shown in the diagram in Figure 7.1. This 
selection was based on the results from Experiment II which showed that 
there was no significant difference between the selected stills If they were 
selected from end results of the 13 crucial movements or arbitrarily chosen 
from the middle point of the same 13 movements.
The second ten subjects observed a demonstration containing only 8  stills 
which showed all the symmetric movements (symmetric In a sense that 
whatever movement is made on the right a similer one would be made on 
the left) needed in order to perform the task, as shown in in the diagram in 
Figure 7.2, and the third ten subjects observed a demonstration containing 4 
stills  which showed only half o f the symmetric movements needed to 
perform the task as shown in the diagram in Figure 7.3. The percentages 
were 13.68%, 8.42%, 4.21% from the total 95 stills of the task. Presentation 
time for all the 95 stills was 72.41 seconds. In order to calculate the exposure 
duration for the stills for this experiment, and get the same presentation 
time, the total time was divided by the number of the stills presented thus:-
I) S u b )« «  In condition* 1 fc 2 lor Ihc respective *ctiv* *nd passive 
learning technique* had 13 atlll* lo obaerve with an expoaure 
duration of 72.41/13" 5.57a*c.
D) Subfect* In condlIlona 3 4* 4 for the reapecllve active and paaalve 
learning technique* had 8 still* to observe with an expoaure 
duration of 72.41 /8" 9 OSaec
III) Sub|ecta In conditiona 5 *  6 for the respective active and 
passive learning techniques had 4 »till* to obaerve with an 
expoaure duration of 72.41/4- lB.laec.
flau« 7.1. m i flanrim fnr itm 11 Raffili »nif
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Active learning
The procedure for the active learning group of subjects waa for them to 
obaerve the demonatration of the taak once, and after each demonatration 
imitate the movementa of the taak aa faat and accurately aa possible The 
procedure waa repeated five timea and each time an accuracy acore waa 
recorded uaing the aame method of acoring aa in the previoua experiments - 
2 points for each correct step in the correct sequence, 1 point for each correct 
step not in the correct sequence, 0 point for any step not recalled. 
Performance timea were recorded by the experimenter uaing the electronic 
stopwatch. The subjects were also video taped to ensure accuracy in scoring.
The procedure for the passive learning group of subjects waa for them to 
obaerve the full demonatration of the task five times, with 5 seconds rest 
between each demonstration during which the two projectors were reset. 
When all the five demonstrations were finished the subjects were asked to 
imitate the movements of the task five times, as quickly and accurately as 
possible. Subjects were video-taped to ensure accuracy In recording data and 
accuracy and performance tim es were measured by the experimenter using 
the same method as for the active learning groups.
SuMreu Y ittt Initrucud u  (oLlowi,
Active learning group
Learning ph»K
"I want you to observe once the full demonstration o f the paper folding task. 
Try to memorize the movements because you will be asked to imitate all the 
movements that you have observed when the dem onstration is finished.
O k?"
"I want you to imitate the same movements of the origami task that you 
have observed, as fast and accurately as possible, )ust once".
"G o."
The above procedures of learning and recalling were repeated five times and 
the subjects were asked to start the video timer each  time, as soon as the 
experimenter left the room as shown in Experiment 2  Figure 6.3. This was 
to ensure that the subjects did not have time to rehearse the task mentally, 
and also to control the starting and finishing positions for each trial.
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Passive learning froup
Learning phaic
1  want you to observe the full demonstration of a paper folding task five 
time«. Try to memorize the movements because you will be asked to 
Imitate all the movements that you have observed. Ok?"
"I want you to imitate the same movements of the origami task that you 
have been observing as fast and accurately as possible, just once".
"Go."
The subjects were asked to recall the task only five times and to start the 
timer as soon as the experimenter left the room, as shown in Figure 6.3. 
This was to ensure that the subjects did not have time to practice the task 
mentally, and also to control the starting and finishing positions for that 
trial.
7.L3. Results
The same method of scoring the accuracy of recall was used as in the 
previous experiments, and, as before, performance time was measured In 
seconds for all the five trials.
Using the Faststat program available on the Macintosh plus computer, a 
four-way a nova (B.BB.W.) (2X2X3X5) was carried out on each of the two sets
of data. 1) accuracy scores; 2) perform ance time/seconds for each of five 
trials.
Accuracy kutct
The results showed that there were significant main effects between trials 
lF(4,192)-58.37, P<0.01), between high and low imagers (F(1,48)-8.53, P<0.01) 
and between the three treatment conditions |F(2,48)-54.97, P<0.01). The 
trials' main effect indicated that subjects improved in accuracy through 
trials. Inspection of the means, as shown in Table 7.b indicated that the high 
imagers recalled more correct m ovem ents than the low imagers, this 
replicated for the third time the results of the previous two experiments, 
that imagery ability enhances the accuracy of recall of an origami task. The 
treatment conditions main effect showed that the more stills the subjects 
observed the better the accuracy of recall of the origami task. No other 
differences were significant, such as, active vs passive was not significant. 
The graphs in Figures 7.4 4t 7.5 show these differences clearly. (See Appendix
4.2 for summary table of the four-way anova.)
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A significant interaction was shown between the active and passive learning 
groups and the stills conditions (13, 8 A 4) presented to the subjects [P(2,48)> 
10.76 p < 0.01J. A poet-hoc Tukey's test was carried out between the six 
condition groups on the level of accuracy in recalling the motor task. The 
results showed that the accuracy score for the subjects in condition (5), that 
is, active learning with only 4 stills presented, was significantly worse than 
the subjects in condition (2), that is, passive learning with 13 stills presented. 
In addition, the accuracy score for the subjects in condition (2) was 
significantly better from the subjects in the other two passive conditions (4) 
it  (6). No other differences were significant. The subjects in condition (2) 
recalled the motor task with more accuracy than the three other conditions 
just mentioned. The graph in Figure 7.6 shows this difference. (For more 
Information about the results see Appendix 4.3.
In addition two further significant interactions were shown by the results, 
one between the active and passive groups and the repeated measured trials 
(F(4,192)- 19.21 , p < 0.01 J and the other between groups X stills X trials 
IF(8,192>- 2.64 , p < 0.011. The active vs passive and trials interaction showed 
that the active learning groups improvement in accuracy through the five 
trials was better than the passive learning groups. The groups X stills X trials 
interaction indicated that the more information the active learning groups 
assimilated the greater improvement in their accuracy through trials over 
that of the passive learning groups. The graphs in Figures 7.6 & 7.7 show 
these improvements more clearly. For more information, see Appendix 4.2.

rcriarminc» lime
The M me four-way analysis of variance (B.B.B.W.) (2X2X3X5) was carried 
out between active vs passive, between imagery, between stills conditions 
and within five trials on performance time/seconds. The results showed 
that there was a significant difference between trials (F(4,192)» 3.21, p< 0.05J 
and between the three stills conditions (F(2,48)- 4.64, p < 0.05]. The trials 
main effect indicated that subjects' performance time increases from one 
trial to  the next overall. Inspection of the means as shown in Table 7.c 
indicated that the more stills were presented to the observer the longer the 
performance time. This difference is shown in the graph in Figure 7.8. For 
more information, see Appendix 4.4.
Table 7.c. Mean performance time in seconds for all subjects
No. atilU n TO TO T 4 TO
13 •n 45 *4  HI 11233 97 15 ’ 90 03
A ctive H 37  V , «2 23 102.77 90 »2 74.82 M ean
4 41.07 34.9 7201 77.07 83 73 A ctive HO 92
H igh
n 109.6» S4.SB »0 46 7 1 9 2 70  76
Taaalve H H2 09 H2H4 76 72 70  2» 67.2 M ean
4 104.71 90.23 7 1 3 9 6 7 a s 6141 P assiv e 79 4»
13 7? 9B 10437 121.73 n o * 109-17
A ctive H 49.2V 62 14 7 1 3 9 K6H9 68.33 M ean
4 37  77 61.63 71 4.3 7 3 3 3 78.36 A ctive 79 63
Low
13 96.37 »9 99 »0 96 7 4 6 7 69.23
Paw live H 92 OH HH.3S 7» .01 69 34 64.3» M ean
4 SI .29 74.99 7 4 4 2 7 4 3 9 6 5 6 7 Paaalve 7 8 3 4
The only significant interaction was between the active and passive groups 
and th e  five trials (F(4 ,192)- 31.44 p < 0.01]. There was a greater 
im provem ent among the passive learning group through trials in 
perform ance time than among the active learning group. Indeed the


In addition to the analysis of variances, Pearaon correlation coefficients 
were calculated between performance time and accuracy scores for active and 
passive learning groups on all five trials, as shown in Table 4d. The 
significant relationship between performance time and accuracy scores 
through the five trials for the active learning group showed that, while 
subjects in the latter learning group Improve their accuracy scores from one 
trial to the next, performance time also increases. However, for the passive 
learning groups there was a non-significant relationship between 
performance time and accuracy scores through the five trials. These 
correlations are displayed in Table 7.d.
Table 7.d. Performance time and accuracy scores correlations
Active "  Passive-
M a a n  T . M a a n  A c * . r M e a n  T . M e a n  A c c . r
t r i a l  1 ’i t .f i “SET ■ " W ---------f t » --------------- “fsT ii “ W
T r i a l  2 7 3 4 » 1 3 9 3 0.43* 0 . 1 7 13.93 an
T r i a l  3 92422 17.13 0  47* 7 7 4 » 134)7 0 2 3
T r i a l  4 ■ 9 3 9 IV A 0 4 6 * 7 1 3 0 1 5 4 0 aio
T r i a l s « 3 1 4 2 0 4 7 0.43* tkM 13.93 O M
• -  «lenifican! a f 0 .0 5  level o f  co n fid en ce  
N  -  30  su b jects  In each , ac tiv e  k  p a ss iv e  learn in g groups.
Results indicated partial support for the hypothesis that active learning 
technique is superior to passive learning technique in accuracy and 
performance of recalling the origami task. Evidence for the effectiveness of 
the passive learning technique was indicated in the significant trials 
interaction as shown in Figure 7.9. Over trials 1-3, those subjects observing a 
number of repetitive demonstrations followed by performance of the task
improved significantly in terms of time compared with the active learning 
group. It appears that learning by passive association (the repeated observed 
demonstration without any interference from any performance trials 
between them) is effective only on the accuracy of recall for early 
reproduction, previous to practice on performing the motor task. The 
repetitive demonstrations of the motor task enables the observer-learner to 
form a mental picture of the sequence of events uninterrupted by his own 
actions. It was observed that if a movement is Incorrectly coded through the 
repetitive demonstrations, then errors are carried through all recall trials. 
Nevertheless, the learner is able to continually recall the motor task with 
acceptable efficiency.
Over trials 1-5 in the graph in Figure 7.7, the active learning group 
improved significantly better than the passive learning group on accuracy of 
recall. It appears that separate demonstrations of the task, each followed by a 
performance trial, enhance improvement of accuracy of recall in all the stills 
conditions. It may be that observers in the active learning group were able 
to strengthen and stabilize their memory images from performing the 
motor task, whereas by the end of the fifth repetitive demonstration for the 
passive learning groups sub)ects may have lost som e information or 
memory images of the motor task. The active learning group either 
disregarded the model's demonstration after trial 2 or had used trial 2 to 
code the model's demonstrations with their own performance, and hence 
increased their accuracy of recall on subsequent trials.
Furthermore, in the case of performance time, the results indicated some 
support for the reverse of the latter hypothesis. Evidence for the 
effectiveness of the active learning technique was indicated in the significant 
trials interactions. On trial 1, in the graph in Figure 7.9 active learning
group« performed the task in taw time than the passive learning group. It 
appears that learning by separate demonstrations is effective in improving 
perform ance time in early reproduction, but not accuracy which only 
improves with practice of the motor task. In trial S, the passive learning 
group performed significantly faster than the active learning group. It 
appears that learning by passive association enhances performance time. It 
may be that the observer in the passive learning group has been mentally 
practising the task while observing the follow up demonstrations after trial 
2, but were less accurate. The observers in the active learning group were 
slower in performing the task, but were more accurate.
The second hypothesis, that high imagers would benefit relatively more 
from the impoverished demonstration than low imagers, was not 
supported. However, in trials 1-3, as shown in the graph in Figure 7.4, the 
high imagers performed the task significantly better than the low imagers. It 
seems that high imagers tends to use their ability to form a better image to 
construct a model of their own actions to refer to when asked to recall a 
motor task, and that individual differences in vividness of imagery can be 
related to recognizing observable differences in stimulus matching, or 
accuracy of recall of a perceptual motor task. Results such as this suggest that 
imagery ability is an important factor in motor skill acquisition.
The third hypothesis, that the more information observed from a model's 
demonstration the better the accuracy of recall and speed of performance of 
the task, was fully supported. Evidence for the effectiveness of the 13 stills 
presented was indicated in the significant differences over trials 1-5, as 
shown in the graphs in Figure 7.5 & 7.8. The graph shows that those 
treatm ent conditions observing 13 stills from a model demonstration 
performed significantly better than the 8 stills condition, and the 8 stills
condition performed significantly better than the 4 stills condition. Learning 
by model demonstrations may contain a maximum or a minimum amount 
of Information. A maximum am ount of information would be in a life 
model or vidao-tape demonstration containing all the necessary cues that 
are needed to learn the task. Minimum information, would be in a static 
demonstration showing only the critical movements of the task. With the 
exception of the accuracy results of the 8 stills active learning group, it 
appears that in the latter condition the observer extracted more information 
from the symmetrical movements presented to them by the model. This 
might be related only to the origami task which contains folds that would be 
seen from previous movements.
LIA Summtnr ai finding»
It can be concluded that Image« were once again being coded In memory for 
the origami task by the significant differences between high and low imagers 
in accuracy of reproduction. The coding of Images depends on the 
observational learning method used for learning the task. It appear that 
active learning strengthens and stabilizes coded images through repeated 
learning trials. However, the learner in the passive learning technique 
appears to gain more benefit in speed of performance from passive 
association. Images encoded by the observational learning method for the 
origami task appear to contain either minimum or maximum information 
depending on the amount of information contained in the demonstration.
This supports the notion that the movements learned by the observational 
method are coded in the form of visuo-spatial coding. Furthermore, it 
appear that the representational aspect of the motor system is directly linked 
with motor reproduction.
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Chapter §
C O N C L U SIO N S , P O S IT IO N S  A N D  D IR E C T IO N S .
The previous chapters have dealt with the theoretical relationship between 
imagery ability and imitation, in the recall of a closed motor task. A series 
of experiments have been conducted and described and some conclusions 
have been drawn. This final chapter has three objectives: first to draw final 
conclusions from the present study; second, to attempt to position this 
research within a wider framework of imagery as a mediator in imitation 
and observational learning under different types of demonstration; and 
third to suggest possible directions for future research in theoretical and 
applied settings.
B.L Conclusion from the present study
Observational learning involves cognitive processes which permit the 
learner to retain the mental image of the task. This type of learning is 
presumed to employ an image processing system in association with motor 
memory representations. In particular images function to enhance and 
refresh existing representation. From the analysis of the cognitive processes 
in observational learning in Chapter 2 it appears that observers who 
transform modelled actions into either symbolic or visual imagery achieve 
a higher level of learning. This suggests that motor imagery has a visual 
spatial basis. One possibility is that forming a mental image is related to the 
recall of movements.
Cognitive psychology has devoted some of Its efforts to exploring motor 
learning. Existing theories of motor learning seem to centre around 
recognition and memory systems (Adams, 1971; Schmidt, 1975), and the
Internal cognitive representational laaue and the function of Imagery haa 
been neglected. Indeed the ability to form an Image does not just allow one 
to establish a distinct or specific form of representation, but endows that 
representation w ith  a corresponding meditational role in a cognitive 
system. It appears that Imagery of motor movement function as part of a 
cognitive process enables the learner to recall the motor movements. The 
present investig ation s of role o f imagery ability, im itation and 
demonstration in the recall of a closed motor task, showed that the Imagery 
ability of the individual plays an important part in enhancing the imitation 
and the recall of the motor task. These differences appear not to be related 
to the type or content of the demonstrated motor act but are confined to the 
reproduction of th e  movements.
An adequate experimental methodology with which to investigate imagery 
and to distinguish the individual differences in mental Imagery makes 
research In this field possible. Since the early 1900s psychologists (e g. 
Betts)have used psychometric methods of comparison i.e. have compared 
individual subjects according to the vividness and manipulatabllity of their 
experienced mental imagery. This method permits one to investigate those 
cognitive processes involved in the recall of a motor task in a more formal 
manner.
The first part of Experiment I in Chapter 4, showed that imagery ability 
enhances the early stages of observational learning of a closed motor task, in 
this case an origam i proper-folding task. This suggests that information is 
encoded in the form  of images, and that these coded images do indeed 
function in motor recall. The differences in performance time between the 
two instructional methods, observational learning and verbal instruction 
suggest that coded images need to undergo two separate transformation
processes, one which represents the information as it is decoded, and one 
which reproduces the movement of the teak. The ability to form an image 
might be thought to operate as a guideline for the representational system 
but not the motor production system. O ne of the ways in which coded 
images may function in the recall of movement under either of the two 
instructional methods is by consolidating the memory representation 
system.
Part 2 of Experiment 1 reported in Chapter 5, showed that imagery was no 
longer effective on accuracy of recall In long-term memory (LTM). This 
provides further support for the earlier conclusion, that imagery ability 
enhances only the early stages of observational learning. It is noteworthy 
that the short-term advantages gained through immediate reproduction 
were no longer evident in recall after a long interval.
Subsequent experiments employ demonstrations containing the type and 
amount of information the subjects may readily encode in their memory, to 
be decoded with the help of their im agery ability when they are asked to 
imitate the same movement of a motor task  such as paper-folding.
The sixth chapter introduced a com parison between the meaningful and 
non-meaningful origami task to be learned by the observational technique. 
High and low imagers were tested on th e  recall of the movement involved 
in the two origami tasks. A significant difference was found in accuracy of 
recall between the high and low im agers, and therefore it was concluded 
that the origami task movements are coded in the form of images. Images 
did not interfere with the speed of perform ing the task. Despite these 
results, the interactions between imagery and all other variables in the study 
were not significant, therefore, we are s till not dear what is the functional
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value and controllability of imagery employed in the recollection o f a  closed 
motor task. Separate effects were found on accuracy of re ca ll and 
performance within the meaningful and non-meaningful origam i tasks. 
The standard of imitation in the performance of the meaningful task  was 
significantly better than in the case of the non-meaningful task. Accuracy of 
recall appears to be geared to the meaningfulness of the inform ation being 
coded in memory, and of course the more accurate the movement recalled 
the longer the time to execute i t  However, the type of demonstration used 
in this experiment based on the method of presenting one still at a  time to 
the observer suggests that learning was a matter of establishing goals and 
not simply remembering each movement as presented. Images for the end 
results of each crucial movement of the origami task appear to  facilitate 
improvement in performance time.
Chapter seven showed by the significant differences between high and low 
imagers that images were once again being coded in mem ory for the 
origami task and confirmed that the coding of images depends on the 
observational method used for learning the task. It appears th at active 
learning strengthens and stabilizes coded images through the repeated 
learning trials. However, the passive technique appears to prom ote greater 
speed of performance from "stimulus association", that is, the repeated 
chunks of coded images without any interference from perform ance trial 
between them. The demonstration could contain a maximum am ount of 
information which would be the full sequence of m ovem ents, or a 
minimum amount of information which would be a partial sequence of 
movements. Obviously the maximum amount of information may be 
more than sufficient for the subject to complete the task but the minimum 
amount of information must be just sufficient for the subject to complete 
the task, this amount differing from subject to subject. Thus im ages coded
by the method of observation«! learning for the origami task appear to be 
coded corresponding to the am ount of information given in the 
demonstration.
8.1. A position for imagery ability In imitaUun and obtcrvatltmal learning
There is no doubt that movements are coded in the form of images and the 
ability to form these images appears to play an important role in organizing 
and planning the motor task movements, especially in the early stage of 
learning movements of a closed motor task. Imagery ability seems to act as 
a mediator within a cognitive model of a closed motor task. Indeed Imagery 
might best be recognized as a cognitive process which involves other forms 
of representation. The relationship between imagery ability and coded 
images within a cognitive model of a closed motor task did not reflect the 
accuracy of recall in motor reproduction.
It is obvious that cognitive processes are important in the acquisition of a 
skill Annett (1982. 1983, 1985, 1986, 1989) has attempted to provide a general 
theoretical model within which to explore these cognitive issues. The 
model has been described in Chapter 1 Figure 1.1 which illustrates the 
cognitive processes involved in acquiring a skill and some of their 
interconnections. Annett's Action-Language Bridge and what Prinz (1986) 
has called the ideo-motor hyphen require the assumption of an internal 
representation of action which is somehow accessible to, and modifiable by 
both the perceived actions of o th ers, and verbal instruction and 
descriptions. This representational system must be able to access output 
m echanisms so that perceived action can be imitated and verbal 
instructions can be obeyed (Annett, 1989). This research has examined the 
in
two experimental paradigms described in Figure 8.1, notably imitation and 
verbal instructions.
Figu r« 8.1
HUMAN ACTIONS VERBAL INSTRUCTIONS
ACTIONS SPEECH
Figura H ,  (i Anna«. 19*0). T w o  Important claaaaa of avants, action* and 
to é  by apaclflo perceptual ayatama. Each perceptual ayatam
correa ponding output ayatam. Imagery, motor orv erbai, occurs 
motor processes ara jointly activa (as rapraaantod by the vanical
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Piaget a (1931, 1933) development theory it  Bandura's (1971, 1977, 1986) 
cognitive social learning theory gave a partial account of the processes 
Involved in imitation. Behaviourists favoured active learning and the 
reinforcement of overt response (S-R) and were critical of the old industrial 
training method of "sitting by Nellie”, that is to say, the observational 
method, by which workers were left to leam their )obs by watching other 
people doing the same )ob (Seymour, 1966). Annett (1989) has pointed out 
"that any observational learning theory, modelling and imitation, requires 
an internal representation of actions which is capable of being dissociated 
from their actual production. This internal representation must be such 
that it is modifiable by experience without feedback from the consequences 
of action on the real word" (p. 65). Thus motor reproduction may be 
generated from the use of internal representation and cognitive structures. 
However, the nature of these representations must be explained in order to 
provide an adequate theory of learning. Once one has a theory of the way or 
ways in which a task can be performed, one is in a very good position to ask 
about ways in which people may differ in their performance.
First, we have to consider how actions are perceived in order to understand 
how actions are represented. Merltzoff and Moore (1977) have shown that 
12-to-21-day-old infants can imitate both facial and manual gestures, such 
as,tongue protrusion, mouth opening, lip protrusion and sequential finger 
movement. These primitive imitative responses are signs o f mature 
imitation and tend to disappear before being replaced eventually by true 
walking. However, the existence of these responses in the early stage of 
development suggests the possibility of some connection between action 
perception and action production.
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Bandura's (1971,1977, 19S6) Social Cognitive Theory provided an 
explanation of the processes involved In observational learning. He 
suggested that four subprocesses component are involved in observational 
learning: 1) an attentional process; 2) a retention process; 3) a production 
process and 4) a motivational process. This research has focused on the first 
three subprocesses of Bandura's theory. Evidence of how only minimal 
cues are needed to perceive meaningful human action was shown by 
Johansson (1973), Cutting k  Kozlowski (1977), Kozlowski & Cutting (1978) 
and Cutting Ar Prof fit (1981, 1962). A filmed model wearing dark clothing 
with point-light sources mounted on major Joints of the body (ankles, hips, 
elbow s, etc...) was instantly recognized once the individual began 
performing a certain meaningful movement. It was difficult for the subjects 
to recognize the point-lights when they were moving in random fashion 
but as soon as the point-lights began to follow an action pattern, such as 
w alking or armswinging performed by the model, they were instantly 
recognized and remembered. Also individuals can be recognized by their 
walk, and it is possible to predict with reasonable accuracy the sex of the 
model and the weight of any load they are carrying. Annett (1989) has 
concluded that “we are able to abstract invariants from such Impoverished 
stimuli and these enable us to make socially significant Judgements. It is 
important for humans to be able to infer not only the identity but the 
intentions of the model.“ Lasher (1981) has presented evidence that 
schematic structure, identifies some kind of end state, and goal or intention 
of outcome of perceived actions.
Some guide-lines as to what constitutes a good demonstration have been 
suggested by Sheffield (1961) who states that perception of actions is 
governed by some general rules of perceptual organization. These 
organizational factors would include “natural“ units and the way in which
they are organized into a meaningful act or aucceaaion of acts. Annett (1989) 
has carried out several studies in which subjects were asked to explain how 
they carried out tasks in which they were relatively skilled. Most of the 
statements given by the subjects actually refer to the end states which must 
be achieved before the next step of the task is undertaken, as when, for 
instance, a subject is asked to "explain how you take two ends of string and 
tie them together to make a bow" (See Figure 8.2). However, some evidence 
in this research has shown that the perceptual units relevant to perceived 
movement are related to movement reproduction, that is to say that the 
necessary conditions for subsequent movements are not just arbitrary 
chunks of perceived movement but meaningful wholes related to specific 
behavioural goals.
Demonstration is the most well known method used in training a human 
how to perform a motor task, and it is very frequently used in the early stage 
of training where it is believed to be generally more efficient than trial and 
error training. Landers (1975) confirms this by the results of his study on 
learning a gymnastic skill. A short description of the study is given at the 
beginning of Chapter 7. In another task used by Martens, Burwitz and 
Zuckerman (1976), which consisted of rolling a ball up an incline, the 
differences between successful and unsuccessful performance are not so 
clear from an external viewpoint, and the natural demonstrations were not 
as effective as specially filmed sequences. As Adams (1984, 1987) points out, 
observational learning provides only incomplete information for
r — en
Pigiare 8.2
OK/ um create a lo o p  holding it between/ oh round my Index 
finger hands/and tie th e  bow together/ln double knot/creates a bow.'
'Er yea I would pick u p  the string and slide my hands along one to each 
end/er bring the ends up to meet one another/with my right hand I would 
put the string over the left ends/ and then bring It underneath/ and then 
the piece that I've just brought underneath I would put over/ and push It 
through loop/ and pull the whole thing tight. '
M M B
Um well I would take both pieces o f string between cr/the forefinger and 
thumb of each hand/ e r  being right handed I would hold the left hand still/ 
and take the right hand pass er/ pass the free end of the string in my right 
hand over the standing portion of the string in my left hand over and 
under to produce a a a um/ what would be a 360 degree wrap e/r that would
EBSiiiiiititiSfJLiSSsssL— — —— i * —
*«d  froot A n n a n , 19*9) SampW protocol» «ubfarts miw u k a d  to  « p la in  how lo  tte • 
front iub)m  6  and • art m n t p l f  but only tha f lm  10% a t  iub|at 11'« raapnwaa la
A p n  U .  (a
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movement. Some aspects of a movement will probably be out of sight, and 
all Internal proprioceptive/kinesthetic sensation ia missing.
Some types of demonstration seem to be more effective in learning a 
human skill than others. Cook (1937), Pouts (1970) and McGuire (1961) have 
shown that learning is enhanced by repetitive demonstration of a modelled 
sequence. Landeweerd, Seeger St Praagman (1981) have investigated the 
effect of instruction on process control performance. Subjects were divided 
into two groups, one of which was given type (I) information, that is 
information limited to the three most important aspects of the input-output 
relations, and one of which was given type (II) information, consisting of 
ample information, on the process itself in addition to the type (I) 
information. The results indicated a significant learning effect in the group 
with type (II) information. It was concluded that in such cases information 
about the process is apparently more effective than information about 
input-output relations only. This illustrates that movements are stabilized 
more when presented in the form of "passive associations" prior to 
performance It seems that the amount of information given to the learner 
is very important in learning a task, and has its maximum or minimum 
limitations. The meaning of this information appears to be an important 
factor. Hall (1980) has shown the importance of meaningfulness of coded 
images to recall.
When subjects are requested to image a motor skill in an experiment, 
generally there has been little concern with how subjects might differ in 
their ability to comply with this request. Yet there are individual differences 
in imagery ability and these differences may influence the results. For 
example, if the subjects in an experimental condition are asked to use an 
imagery strategy and these subjects are all low imagers, it is likely no effect 
or only a small effect for the condition will be shown. It would seem
in
desirable, therefore, that the interaction of imagery ability with recall o f a 
motor taak in an experiment, be taken into account.
There has been only a limited number of studies that have investigated 
imagery ability and the performance of a motor skill. Start & Richardson 
(1964) measured both vividness and controllability of imagery, and found 
no relationship between these aspects of imagery ability and the learning 
and performance of a gymnastic skill. There was some evidence, however, 
that vivid imagers who did not have control of their imagery performed 
less well than all other participants. Similarly, Epstein (1980) was unable to 
show any strong relationship between individual differences in imagery 
and performance accuracy in a dart-throwing task. It might be that this type 
of task does not require a great deal of imagery processing.
One study demonstrating more positive results was conducted by Ryan 4c 
Simmons (1982). Subjects were categorized according to the frequency with 
which they used imagery in everyday life and then assigned to one of six 
groups: imagers asked to employ imagery in mental rehearsal, imagers 
asked to use imagery, non-imagers asked to use imagery, non-imagers asked 
not to use imagery, physical practice and no practice. The focus of the study 
was the degree of improvement, meausred on a stabilmeter (balance task), 
there had been at the completion of the acquisition phase. The results 
showed that physical practice produced larger improvement scores than 
mental imagery, and both were better than no practice. The groups 
requested to employ imagery were superior to those asked not to. In 
addition, subjects reporting strong visual images showed m ore 
improvement than those with weak visual images and those reporting 
strong kinesthetic images were superior to those with weak kinesthetic 
images.
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Several studies have been able to demonstrate a positive relationship 
between imagery ability and the memory of movement information. 
Housner & Hoffman (1978, 1981) found that high imagers were more 
accurate in reproducing movement locations than low imagers in 
immediate reproduction and imaginal strategy. These were compared with 
low imagers who did not. However, this relationship between imagery 
ability and the reproduction of movement location has sometimes failed to 
emerge (Walsh, Russell, bnanaka, 1980).
The above studies suggest that imagery ability can interact with instructions 
to use mental imagery to influence performance. Unfortunately, the 
number of movement studies concerning imagery ability is small and a 
relationship between imagery ability and performance has not always been 
shown. Hall, Pongrac, Buckolz (1985) have argued that a major reason may 
be that the tests employed to measure imagery ability usually have not been 
concerned with movement. They have pointed out that these subjective 
questionnaires have entailed rating images of people, places and scenes (e.g. 
Vividness of Visual Imagery Questionnaire (W 1Q); Marks, 1973). Despite 
this argument the shortened form of Betts' Questionnaire (QMI) 
encapsulates the seven major sensory modalities of the human so it can be 
used as an adequate measurement of general imagery ability.
What can we say about imagery ability? It appears that it has an important 
role as a mediator between coded images and the reproduction of an 
origami task. In all the experiments in this research the subjects were not 
instructed to imagine the task. Despite that, subjects high in reported 
imagery ability were able to recall the movement of the task with greater 
accuracy than the low imagery subjects. Adams (1971) and Ho it  Shea (1978) 
refer to images as being important to movement coding and control.
ISO
To sum up, 1 would suggest that there is enough evidence to support the 
notion that the internal representation which was formed during 
observational learning (Bandura, 1971, 1977, 1986) refers to symbolic 
representations which may be either imaginal (that is in analogue form) or 
visual , or verbal (that is coded as a verbal description of the movement to 
be carried out). Bandura & Jeffery (1973), Bandura, Jeffery & Bachicha (1974) 
and Jeffery (1976) have shown that in a number of studies verbal coding 
enhances retention. However, some complex skills are difficult to code 
verbally whilst visual imagery might be of greater value, i.e. the origami 
task. G ent (1971) found verbal coding to be more effective in retention of a 
series of hand signals, but any instruction as to how to code the 
demonstration information was more effective than none.
It appean that learnen are able to form internal representations of complex 
movements which may be visual or verbal and take the form of 
meaningful images relying on the minimal imperative cues that can be 
coded and depending on the way the information has been demonstrated
B J. Fuluit Dircciinni
The importance of cognitive processes, such as imagery, in motor learning 
is becoming increasingly more obvious. The role of the effect of imagery 
ability in motor learning is still barely understood. Further investigations 
need to be carried out to establish an adequate measure of imagery ability, 
and the instrument employed in this assessment should be specifically 
concerned with the motor domain. The process of imaging could be further 
investigated to distinguishes between different types of imagery ability, for 
instance, the ability to form a visual image and keep it for a longer time 
than others, or the ability to reconstruct an image from a verbal description.
The variety of tasks on which sub)ects have been tested needs to be extended 
to take in different types of motor task and sports skill. The present 
investigations have merely highlighted the potential for investigating 
imagery ability as a mediator between coded images and reproduction. Any 
claims about the effect of the ability to form images in the recall of a motor 
act are as yet restricted to the origami task, movement location and 
stabilmeter (balance task).
To conclude, this thesis presents a thorough investigation of the effect of 
imagery ability on the recall of the origami task and describes the potentially 
powerful means of investigating such an effect. While the main body of the 
thesis is largely empirical, the theoretical considerations of imagery and 
motor learning are developed in the vein of cognitive K«yciioiogy. The 
underlying process involved in imaging appears to affect the recall of the 
origami task in such a way that imagery acts as a mediator the subject relies 
on to transfer the coded images into reproduction of movements. The 
implications of this for theories of motor learning is that it supports the 
notion that internal representation is coded in the form of images. These 
images provide the only source of information about the motor act in 
relation to other environmental objects. The importance of internal 
representations to the recall of the movements is still arguable but this 
thesis suggests that cognitive processes, such as imagery, are confined to 
higher aspects of motor recall. The fact that imagery ability of the 
individual played an important role in the recall of the origami task has 
been firmly established. Future investigations using the techniques 
established here may succeed in distinguishing between the effects of 
imagery ability on different type of motor task.
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Appendix 1.1
The Bett's QM1 vividneas of Imagery scale *
lmtraction (or doing the test
The aim of this teat la to determine the vlvidneaa of your Imagery The Items 
of the test will bring certain Images to your mind. You are to rate the vividness 
of each image by reference to the accompanying rating scale, which is shown at 
the bottom of the page. For example if your image is ‘vague and dim' you give 
it a rating of 5. Record your answer in the brackets provided after each item. 
Just write the appropriate number after each item. Before you tum to the items 
on the next page, familiarize yourself with the different categories on the rating 
scale. Throughout the test, refer to the rating scale when judging the vividness 
of each image. A copy of the rating scale will be printed on each page. Please do 
not turn to the next page until you have completed the items on the page you 
are doing and do not turn back to check on other items you have done. 
Complete each page before moving to the next page. Try to do each item 
separately independent of how you may have done other items.
An example of an item on the test would be one which asked you to consider 
an image which comes to your mind's eye of a red apple. If your visual image 
was moderately clear and vivid you would check the rating scale and mark '3' 
in the brackets are follows:
Now turn to the next page when you have understood these instructions and 
begin the test.
The image aroused by an item of this test may be:
Perfectly clear and as vivid as the actual experience. Rating 1
Very clear and comparable in vividness to the actual
experience.
Moderately clear and vivid.
Not clear or vivid, but recognizable 
Vague and dim.
So vague and dim as to be hardly discernible.
No image present at all, you only ' knowing' that you are 
thinking of the object.
Rating 2 
Rating 3 
Rating 4 
Rating 5 
Rating 6
Rating 7
Item
5. A red apple.
Rating
(3)
Think of some relative or friends whom you frequently see, considering 
carefully the picture that rises before your mind's eye. Classify the images 
suggested by each of the following questions as indicated by the degrees of 
clearness and vividness specified on the rating scale.
4. The different colours wom in some familiar costume ( )
Think of seeing the following, considering carefully the picture which comes 
before your mind's eye; and classify the image suggested by the following 
question as indicated by the degree of dearness and vividness spedfied on the 
rating scale.
5. The sun as it is sinking below the horizon. ( )
Rating Scale
The image aroused by an item of this test may be:
Perfectly dear and as vivid as the actual experience. Rating 1
Very clear and comparable in vividness to the actual 
experience. Rating 2
Moderately clear and vivid. Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim. Rating 5
So vague and dim as to be hardly discernible. Rating 6
No image present at all, you only ' knowing' that you are 
thinking of the object Rating 7
Item
1. The exact counter of face, head, shoulders and body
2. Characteristic poses of head, attitudes of body etc.
3. The precise carriage, length of step, etc. in walking.
Rating
< )
( )
(  )
Think of each of the following sounds, considering carefully the Image which 
comes to your mind's ear, and classify the images suggested by each of the 
following questions as indicated by the degree of clearness and vividness 
specified on the rating scale.
Item Rating
6. The whistle of a locomotive ( )
7. The honk of an automobile. ( )
8. The mewing of a cat. ( )
9. The sound of escaping steam. ( )
10. The clapping of hands in applause. ( )
Rating Scale
The image aroused by an item of this test may b e
Perfectly clear and as vivid as the actual experience Rating 1
Very clear and comparable in vividness to the actual 
experience. Rating 2
Moderately clear and v»vid. Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim. Rating 5
So vague and dim as to be hardly discernible. Rating 6
No image present at all, you only ' knowing' that you are 
thinking of the object. Rating 7
Think of 'feeling' or touching each of the following , considering carefully the 
image which comes to your mind's touch, and classify the images suggested by 
each of the following questions as indicated by the degree of clearness and 
vividness specified on the rating scale.
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Item
Rating
11. Sand ( )
IX  U nen ( )
13. Pur. ( )
14. The prick of a pin ( )
15. The warmth of a tepid bath. ( )
Rating Scale
The image aroused by an item of this test may be:
Perfectly clear and as vivid as the actual experience. Rating 1
Very clear and comparable in vividness to the actual 
experience Rating 2
Moderately clear and vivid Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim Rating 5
So vague and dim as to be hardly discernible. Rating 6
No image present at all, you only ' knowing' that you are 
thinking of the object. Rating 7
Think o f performing each of the following acts, considering carefully the image 
which comes to your mind's arms, legs, lips, etc., and classify the images 
suggested as indicated by the degree of clearness and vividness specified on the 
rating scale.
Item Rating
16. Running upstairs. ( )
199
17. Springing across a gutter. ( )
18. Drawing a circle on paper. ( )
19. Reaching up to a high shell. ( )
20. Kicking something out ol your way. ( )
Rating Scale
The image aroused by an item of this test may be:
Perfectly clear and as vivid as the actual experience. Rating 1
Very clear and comparable in vividness to the actual 
experience. Rating 2
Moderately clear and vivid. Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim. Rating 5
So vague and dim as to be hardly discernible Rating 6
No image present at all, you only ' knowing' that you are 
thinking of the ob)ect. Rating 7
Think of testing each of the following, considering carefully the image which 
comes to your mind's mouth, and classify the images suggested by each of the 
following questions as indicated by the degree o f clearness and vividness 
specified on the rating scale.
Item Rating
21. Salt. ( )
22. Granulated (white) sugar. ( )
23. Oranges. ( )
24. Jelly. ( )
25. Your favourite soup. ( )
Rating Scale
The image aroused by an item of this teat may be:
Perfectly clear and aa vivid aa the actual experience. Rating 1
Very clear and comparable in vividness to the actual 
experience. Rating 2
Moderately clear and vivid Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim Rating 5
So vague and dim aa to be hardly discernible. Rating 6
No image present at all, you only ' knowing* that you are 
thinking of the ob)ect. Rating 7
Think of smelling each of the following, considering carefully the image which 
comes to your mind's nose and classify the images suggested by of the 
following questions as indicated by the degrees of dearness and vividness 
specified on the rating scale.
Item Rating
26. An ill-ventilated room. ( )
27 Cooking cabbage ( )
28 Roast beef ( )
29. Fresh paint. ( )
30. New leather. ( )
Rating Scale
The image aroused by an item of this test may be:
Perfectly clear and as vivid as the actual experience. Rating 1
Very clear and comparable in vividness to the actual 
experience. Rating 2
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Moderately clear and vivid. Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim. Rating 5
So vague and dim  as to be hardly discernible.
No image present at all, you only ' knowing' that you are
Rating 6
thinking of the object Rating 7
Think of each o f  the following sensations, considering carefully the image 
which comes before your mind's and classify the images suggested as indicated 
by the degrees o f clearness and vividness specified on the rating scale.
Item Rating
31. Fatigue.
32. Hunger
33. A sore throat.
( ) 
( ) 
(  )
34. Drowsiness ( )
35. Repletion as from a very full meal. ( )
Rating Scale
The image aroused by an item of this test may be:
Perfectly clear and as vivid as the actual experience. 
Very clear and comparable in vividness to the actual
Rating 1
experience. Rating 2
Moderately d e a r and vivid. Rating 3
Not clear or vivid, but recognizable. Rating 4
Vague and dim. Rating 5
So vague and dim  as to be hardly discernible. Rating 6
No image present at all, you only ' knowing' that you are 
thinking of the object Rating 7
Appendix 1.2
A summary table o f a two-way anova 
on the QM1 rating acorea for all subjects In the OL le VI techniques. 
Experiment (1) part (1)
(B.B) (2X2)
SOURCE SS OF MS F P
Between subjects
Groups (OL vs VI) 2117.03 1 2117.03 10.73 0.002
Imagery 14554.23 1 14554.23 73.78 0.000
Groups X Imagery 9.03 1 9.03 0.046 0.83
Error 7101.5 36 197 26
Appendi» 1.3
(V erbal In s tru c tio n s  fo r  th e  star o r ig a m i task )
1. Fold the top right com er on top of the bottom left comer, and press, then 
back to the starting position, this is Just to form a crease going across from the 
top left comer to the bottom right comer.
2. Fold the top right com er until the tip of it reaches the centre point of the 
paper, and press
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3. Fold the bottom left corner until the tip of It reaches the centre point of the 
paper, and press.
4. Turn the paper face down, then fold the top left com er until the tip of it 
reaches the centre point of the paper, and press.
3. Fold the bottom right com er until the tip of it reaches the centre point of the 
paper, and press. At the end of this step you will have formed a square.
6. Fold the top right comer until the tip of it reaches the centre point, and press.
7. Fold the bottom left com er until the tip of it reaches the centre point, and 
press.
8. Fold the top left comer until the tip of it reaches the centre point, and press.
9. Fold the bottom right com er until the tip of it reaches the centre point, and 
press. At the end of this step you would have formed a smaller square
10. Fold the top right comer on top of the bottom left comer, and press, to form 
a triangle.
11. Fold the two tips of the sharp angles on top of each other, and press, to form 
a small triangle.
12. Take the tip of the inside triangle downwards until it reaches the two tips at 
the bottom, and press hard on all edges to form a quadrilateral shape.
13. Open the bottom of the quadrilateral shape to stand up the shape that looks 
like a star.
A summary table of a two-way anova 
on accuracy score* for all subjects In the OL A VI techniques. 
Experiment (I) part (1)
(B.B) (2X2)
Appendix 1.5
SOURCE SS DF MS F P
Between subjects
Groups (OL vs VI) 15.63 1 15.63 6.11 0018
Imagery 2403 1 24.03 9 39 0004
Groups X Imagery 46.23 1 46.23 18.07 0000
Error 92.1 36 2.56
A aummary table of a three-way anova 
on performance tim e experiment (I) Part (1)
Appendix 1.6
SOURCE SS DF MS P P
Between aubjecta
Between group»
OL-va-Vl 12839.29 1 12839.29 39.76 0.000
Between imagery
High-va-low 1340.67 1 1340.67 4.15 0.049
Groups X imagery 3.907 1 3.907 0.012 0.913
Error 11624.41 36 322.90
Within aubiecta
Triaia 58307.42 5 11661.5 118.7 0.0001li
13852.18 5 2770.44 28.2 0.0001li
91.45 5 18.29 0.19 0.968
Group X imagery X trial»602.26 5 120.45 1.23 0.299
Error 17683.29 180 98.241
A summary table o ! a two-way anova
on the QMI rating score« for all subjects In the OL A V! techniques experiment 
(I) part (2)
(B.B) 0X 2 )
A ppendix 2.1
SOURCE SS DF MS F P
Between subjects
Groups (OL vs VI) 228.94 1 22894 1.17 0.292
Imagery 8418.52 1 8418.52 42.88 0.000
Groups X Imagery 037 1 037 0.002 0.966
Error 4319.62 22 19637
208
Appendix 2.2
A summary table of a three-way an ova 
on verbal fc motor accuracy acorea for all subjects In the OL l i  VI techniques. 
Experiment (I) part (2)
(B.B.W) (2X2X2)
SOURCE SS DF M S P P
Between subject*
Groups (OL vs VI) 170.38 1 170.38 1.9 0.182
Imagery 46 89 1 46 89 0.52 0.478
Groups X Imagery 293.04 1 293.04 3  26 0.085
Error 1973.74 22 89.81
Within subjects
Trials 113.56 1 113.56 11.92 0.002
Groups X trials 2.79 1 2.79 0.29 0  594
Imagery X trials 17.59 1 17.59 1.85 0.188
Cl 1 X X l o ÿ 1 0.36 0.04 0.848
Error 209.55 22 9.53
A ppendix 2.3
A lumm iry table of a three-way anova 
o n  writing A performance times for all subjects In the OL A VI techniques. 
Experiment (1) Part (2)
(8.1.W ) (2X2X2)
SOURCE SS or MS P P
Between subjects
Groups (OL vs VI) 1959 68 1 1959 68 0.23 0 639
Imagery 636.9 1 636.9 0.07 0789
G roups X Imagery 2131.6 1 2131.6 0.25 0.675
Error 190924.37 22 8678 38
W ithin  subjects
Tria ls 1294373 , 129437.3 15.71 0.001
Groups X trials 17158.76 1 17158.76 2.08 0.163
Imagery X trials 13170.78 1 13170.78 1.6 0.219
G roup X imagery X trials 474.15 1 474.15 0.06 0.813
Error 181263 25 22 8239.24
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A ppendix 3.1
A summary table of a two-way anova 
on the QM I rating scores 
(B.B) (2X2)
SOURCE SS DP MS P P
Between subjects
Im.iRi-rv 8497 23 1 8497.23 70.76 0.000
(Er it  At) groups 5 63 1 563 0.047 0.830
Imagery X groups 93.03 1 93.03 0.78 0.385
Error 4323.1 36 120.09
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A summary table of a four-w ay (B .B .W .W ) anova
on accuracy scores experim ent (II)
SOURCE SS DP MS P P
Between subjects
Imagery 355.32 1 355.32 6.83 0.012
(Er A Ar) groups 5256 1 52.56 1.01 0.323
Imagery X groups 14.07 1 14.07 0.27 0.612
Error 1873 89 36 52.05
Within subjects
(M A NM) tasks 151659 1 15165.9 452.53 0.000
Tasks X imagery 22.56 1 2.56 0.67 0.423
Tasks X groups 57.00 1 57.00 1.7 0.196
Tasks X groups
X imagery 13.32 1 13.32 0.39 0.539
Error 1206 49 36 33.51
Trials 4925 43 4 1231.36 167.97 0 000
Trials X imagery 52.22 4 13.05 1.78 0.134
Trials X groups 3138 4 7.84 1.07 0.374
Trials X groups
X imagery 11.93 4 2.98 0.41 0.805
Error 1055.66 144 7.33
Trials X tasks 1279.17 4 319.79 34.13 0.000
Trials X tasks
X groups 63 23 4 15.81 1.69 0.155
Trials X tasks
X groups X imagery 19.07 4 4.77 0.51 0.733
Error 1349.26 144 9.37
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Appendix 3.3
A su m m ary ta b le  o f a four-w ay (B.B.W .W ) anova
on perform ance tim e experim ent (II)
SOURCE SS DP MS P P
Between subjects
Imagery 1943.24 1 1943.24 0.76 0.392
(Er & Ar) groups 2554 06 , 2554 06 1.00 0.324
Imagery X groups 255B.46 1 2558 46 1.00 0.324
Error 91612.2 36 2544 78
Within subjects
Tasks 43551.6 1 43551.6 44 44 0.000
Tasks X Imagery 2626.28 1 2626.28 2.68 0.107
Tasks X groups 2874 54 1 287454 2.93 0.092
Tasks X groups 
X imagery 339519 1 339519 3.46 0.067
Error 35277.1 36 979.92
Trials 17731.7 4 4432.93 12.57 0000
Trials X imagery 1694 66 4 423.67 1.20 0.312
Trials X groups 4581 78 4 1145.45 3.25 0.013
Trials X groups 
X imagery 2101.83 4 525 46 1.49 0 207
Error 50771.6 144 352.58
Trials X tasks 697.51 4 697.51 0.47 0.759
Trials X tasks
X groups 822.54 4 205 64 0.56 0698
Trials X tasks
X group. X imagery 309.04 4 77.26 0.21 0.931
Error 532635 144 369 89
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A summary table of a two-way anova 
on the number of reproduction triala 
<B.B> (2X2)
SOURCE SS DP MS F P
Between subjects
Imagery 8.1 1 8.1 6.01 0.013
(Er 4c Ar) groups 0.4 1 0.4 0.34 0.563
Imagery X groups 0.9 1 0.9 0.77 0.387
Error 42.2 36 1.172
A p p en d ix  4.1
A summary table o í a two-way anova 
on the QM I rating acores 
(B.W) (2X6)
SOURCE SS DF MS F P
Between subjects
Imager 40456.07 1 40456.07 33.00 0.000
Error 9784.33 8 1223.042
Within subjects
Conditions 5478 93 5 1095.79 31.45 0.000
Imagery X Condition 2453.73 5 490.75 14.09 0.000
Error 1393 67 40 34.842
Appendix 4.2
A sum m ary table o f a  four-w ay anova
o n  accuracy scores exp erim en t (111)
SOURCE SS DF MS F P
Between subjects
Between Groups
Active-vs-passive 195.21 1 195.21 2.56 0.116
Between imagery
High-vs-low 651.21 1 651.21 8.53 0 005
Between stills
13-vs-«-vs-4 stills 8393.36 2 4196.68 54 97 0 000
Group X imagery 3.000 1 3.000 0.04 0 844
Group X stills 1643.39 2 821.69 10.76 0000
Stills X imagery 164.03 2 82.01 1.07 0.350
Group X imageryX stills 52.88 2 26.44 0.35 0.709
Error 3664.32 48 76.34
Within subjects
Trials 1682.53 4 420.63 58.37 0 000
Groups X trials 553.79 4 138.45 19.21 0.000
Imagery X trials 16.45 4 4.11 0.57 0 684
Stills X trials 103 JO 8 12.91 1.79 0.081
Group X imagery X trials 16.13 4 4.03 0.56 0.692
Group X stills X trials 152.21 8 19.03 2.64 0 009
Imagery X stills X trials 68.91 8 8.61 1.19 0.304
Group X imagery X stills
X trials 40.59 8 5.07 0.70 0 688
Error 1383.68 192 7.21
A ppendix 4.3
The mean« and mean* differences on accuracy of recall 
for all aix conditions experiment (III)
Cond. (1) Cond. (2) Cond. (3) Cond (4) Cond. (5) Cond. (6)
(20.48) (24) (18.84) (11.04) (9.6) (9.04)
Cond. (1)
(20.48) .  _ 3.52 1.64 944 10.88 11.44
Cond. (2)
(24) 5.16 12.96* 14.4* 14.96*
Cond. (3)
(18.84) 7.8 9.24 9 8
Cond. (4)
(11.04) 1.44 2
Cond (5)
(9.6) 0.56
Cond. (6)
(9.04)
*P<0.03
N ote: Each value In th e  bo d y of th e  table represents th e  d iffe re n ce be tw een  th e colu m n  an d  row
n -  10, M sE rror- 76.34, K - 6 , q k - 4  J  
C ritica l valu e <m ea n s)-q k  M sError/n  > 1 1 4 7
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A ppendix 4.4
A sum m ary ta b le  o !  a four-w ay an ova
on perform ance lim e experim ent (111)
SOURCE SS DP MS F P
Between subjects
Between Groups 
Active-vs-passlve 142.28 1 142.28 0.07 0.799
Between imagery 
High-vs-low 100.82 1 108.82 0.05 0 824
Between stills
13-VS-6-VS-4 stills 20189 24 2 1009461 4 635 0.014
Group X imagery 032 ! 0.32 0.000 0.9
Group X stills 8860 63 2 4430.31 2.03 0.14
Stills X imagery 94435 2 472.43 0.22 0806
Group X imageryX stills 2556.73 2 1278.37 0.59 0.560
Error 104544 39 48 2178.01
W ithin subjects
Trials 3025.12 4 756.28 3.21 0.014
Groups X trials 29623 62 4 7405.9 31.44 0 000
Imagery X trials 713.27 4 178.82 0.76 0.553
Stills X trials 2576.55 8 322.07 137 0.213
Group X imagery X trials 463 85 4 115.96 0.49 0.741
Group X stills X trials 1771.26 8 221.41 0.94 0.49
Imagery X stills X trials 269134 8 336.44 1.43 0.187
Group X imagery X stills
X trials 3276.02 8 409.50 1.74 0.092
Error 45232.82 192 235.59
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